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ABSTRACT 
Cooperative Construction in Schools in California 
John M. Donley 
The construction industry has lost efficiency since 1964, while becoming 
increasingly more litigious.  Schools in California can ill afford the time to allow 
the construction industry time to fully evolve.  It may take years or decades to fully 
improve the efficiency of, and reduce the conflict within the construction industry.   
 
At the same time, the construction industry has developed new processes to 
improve efficiency and reduce conflict. These processes are beginning to be 
broadly embraced by the industry.  They all contain cooperative elements.  Taken 
together they represent a new organizing principle for the construction industry, 
cooperative construction.   
 
Also concurrently, a previously little-used provision of the California Education 
Code allows schools freedom to contract for school construction in nearly any 
reasonable contractual arrangement they see fit for their project and district needs.  
As a result, school districts in California have developed a new system of project 
delivery.  They are borrowing from here and there and inventing new tools to make 
projects work for them.  Again, cooperative elements at the hearts of the processes.   
 
Keywords: Cooperation, Construction, Schools, Project Delivery System, Lease-
leaseback, Schools 
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PREFACE 
 
In 1989, I was employed as an estimator on a new terminal at the San Jose 
International Airport.  I was a newcomer on large projects and wanted to 
contribute as much as I could.  
 
Shortly after I arrived, the contractor said that the door schedule was hopelessly 
out of date and they needed to reorder the hardware soon to accommodate changes 
requested by tenants.   The airport contained 480 doors of every imaginable type 
and hardware group.  The door schedule was hand drawn and so full of erasures 
that the schedule was about 25% illegible.   The architect’s team at the site was 
completely overwhelmed.   
 
The architect’s team was overwhelmed because all four of the tenant airlines had 
changed since the drawings were done and the team had four new tenant 
improvement designs to incorporate into the main ticketing lobby drawings.  The 
changes for doors went beyond that area and on throughout the airport.  Over 200 
doors required changes.   
 
I rewrote the list of door types, color, swing, hardware and so forth.  I managed to 
get the door schedule reorganized shortly before the contractor was going to start 
claiming delay.   
 
	   x	  	   	   	  
	   	  
Throughout the two weeks required for the job, people would ask, over and over, 
why was I doing this.  I was amazed at the question because the reason that I was 
doing it was that it was needed so badly.   It didn’t matter to me that I was doing 
what was technically the architect’s job.  More than once, I heard, “That’s not your 
job.”  Sometimes it was said in an angry tone.  However, I was the only person 
there with a spreadsheet program capable of managing all the changes needed.  
Also, I knew doors and hardware from working as a finish carpenter for 15 years.  
So, for the benefit of the project, it just seemed natural that I would do it.  I was 
just being cooperative.  
 
Soon, the project was completed.  For the facility opening, honored guests and the 
press were invited.  Just before the ribbon-cutting ceremony.  I noticed a carpenter 
working on a door, right behind the ceremony location.   I walked over to invite 
him have some food instead of being in the back of the photos of the ceremony.  In 
his hand was the dot-matrix print out from my portable computer and he was using 
it to install the right hardware on the last door.   
 
One could argue that because of the time spent on the door schedule, some minor 
adjustments should have been made in the architect’s fees or the construction 
management fees.  The point is that reorganizing the door schedule wasn’t not my 
job.   Of course it was my job.  I was just cooperating by doing what needed to get 
done.  Cooperation is everyone’s job.   
 
	   xi	  	   	   	  
	   	  
 
Cooperation has long been on my mind.  Later, as a Project Manager of a $38 
million project fraught with difficulties, I attended many contentious meetings 
after walking past the craftsmen building the project.  I would watch them 
coordinate and cooperate nearly every moment.  This felt familiar because when I 
worked as a craftsman, it was a constant effort to get my work done while fully 
cooperating with anyone else nearby.  There isn’t any choice; without cooperation 
nothing would ever get built.  All good craftsmen know this.   
 
While considering making the applications to attend graduate school, I came 
across the July 2012 issue of Scientific American magazine.  The cover article was 
“The Evolution of Cooperation” by Martin A. Nowak.  In the article, Mr. Nowak 
included a discussion of game theory, a mathematical/psychological construct.  
The word “cooperation” is a principle concept in Game Theory. 
Research into game theory and other more recent disciplines has convinced me 
that cooperation, especially if made into an organizing principle, could be the 
guide for moving a galactic-sized and glacially-paced industry into the future.    
John M. Donley 
San Luis Obispo 
June, 2014 
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CHAPTER I 
 
Introduction 
Cooperate, Really Cooperate 
The construction industry in 2014 is stuck between innovative and traditional practices.  
The industry has ample reason to change from some of its traditional practices.  The two 
most glaring problems are extraordinarily poor productivity over nearly 50 years and an 
unusually litigious business history.1 Despite the presence of proven opportunities to 
address both of these problems, such as “design collaboration,”2 and “Best Value”3 
procurement systems, progress is painfully slow.4  These new processes all contain 
“cooperation” as an important element in either the attitude of the participants or as a 
benefit of adoption of the process.  Because of this similarity of these new processes, it is 
reasonable to group them into an organizing principle5.  That new organizing principle is 
cooperation. This thesis proposes that adopting such a new organizing principle will get 
the construction industry moving away from inefficient and contentious traditional 
practices and headed toward new, successful ones as promptly as possible.   
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  Teicholz,	  P.	  “Labor-­‐Productivity	  declines	  in	  the	  Construction	  Industry:	  Causes	  and	  Remedies	  (Another	  Look)”	  AECbytes	  Viewpoint	  #67,	  Mar	  2013.	  	  2	  Design	  collaboration	  is	  the	  first	  value	  proposition	  of	  design-­‐build	  project	  delivery	  systems.	  	  The	  architect,	  engineers	  and	  contractors	  all	  collaborate	  in	  the	  design	  phase.	  	  Teicholz	  concurs.	  op.	  cit.	  	  3	  “Best	  value”	  procurement	  is	  an	  alternative	  to	  “low-­‐bid”	  procurement.	  	  	  4	  Bongiorni,	  M.	  “Why	  is	  the	  US	  Construction	  Industry	  Slow	  to	  Embrace	  New	  Partnering	  Agreements	  for	  Project	  Delivery?”	  University	  of	  Cambridge,	  March	  2011	  p.8	  5	  An	  organizing	  principle	  is	  a	  term	  of	  art	  in	  psychology	  used	  to	  describe	  the	  elements	  of	  perception.	  	  One	  such	  organizing	  principle	  is	  similarity.	  	  The	  improvement	  of	  the	  perception	  of	  the	  construction	  industry	  is	  the	  goal	  of	  the	  use	  of	  this	  organizing	  principle.	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Ten years ago, The Construction Users Roundtable, a forum for public and private 
owners of projects, formed a committee to study inefficiency and contentiousness, among 
other problems.  A blue-ribbon committee of 20 senior construction professionals 
delivered a report containing the following conclusion: 
The Committee concluded that the difficulties experienced in typical construction 
projects… are artifacts of a construction process fraught by lack of cooperation 
and poor information integration. 6 
These ailments, lack of cooperation and poor integration of information, are the subjects 
of inquiry of this thesis.  In solving these problems, time is of the essence because of the 
needs of some of the construction markets in California.  Years may pass before the 
productivity gap between the construction industry and other industries is sufficiently 
reduced.   But, as it happens, some important construction markets in California need 
help immediately.  Primary among them is school construction. 
Schools in California 
The market explored in this thesis is school construction in California. Ours is a state that 
desperately needs to see rapid and substantial improvement in the provision of school 
facilities.   Schools constantly need renovation, yet California has very limited funds to 
spend on modernizing these facilities.  Statewide, there is already a backlog of renovation 
work without funding.  If the school construction industry could redefine itself quickly by 
means of improving its productivity and reducing its litigious inclinations, California 
schools would substantially benefit as well as the construction industry as a whole.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6 The Architectural/Engineering (AE) Productivity Committee, Construction Users 
Roundtable, 2004 Report, Collaboration,	  Integrated	  Information	  and	  the	  Project	  Lifecycle	  in	  Building	  Design,	  Construction	  and	  Operation	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School facilities in California represent an ideal laboratory for the implementation of 
cooperative construction techniques. In the last five years, a part of this market has done 
exactly that: developed its own set of cooperative construction techniques.  
The benefit to schools of wide adoption of cooperative construction techniques would be 
faster, more dependable facilities renovations at lower costs.  The benefit to the 
construction industry would be the revitalization of a large market segment that is 
currently struggling.    
Facilities are important to education.  They matter to the children.  Delaine Eastin, the 
controversial, yet insightful, California Secretary of Education 1995-2004 said,  
“These kids have been to the Mall, they know when adults are serious about 
facilities.”7   
 
Productivity  
The construction industry is suffering intense criticism because of its failure to become 
more productive during the 48 years for which we have records, from 1964 through 2012.  
The industry has become considerably less productive while every other industry in the 
country became twice as productive.8  Productivity, in this context, means the cost of 
labor hours per dollar of finished product.  Paul Teicholz of Stanford, the author of this 
watershed study, lists six causes of stagnant labor productivity in construction.  The 
second item on his list is lack of collaboration and risk-averse behavior resulting from 
competitive bidding.  He states: 
In many project teams, there is a lack of integration of design and construction, 
and often-poor collaboration among team members.  This leads to risk-averse 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  7	  Delaine	  Eastin,	  C.A.S.H.	  Annual	  Meeting,	  1996,	  Red	  Lion	  Inn,	  Sacramento,	  CA	  8	  Teicholz,	  op.	  cit.	  p.	  1	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behavior as team members try to protect themselves from the impacts of changes 
caused by errors, omissions and owner modifications. These issues are frequently 
present on design-bid-build and even design-build projects where some team 
members submit bids (typically sub-contractors), the low bidders receive awards 
and then try to benefit from extra work. The results are projects that are over 
budget, behind schedule, and -- more claims.  It is not surprising that labor 
productivity suffers under these conditions.9 
 
Figure 1, Dr. Teicholz’s 
Productivity in Construction Chart, 
as compared to other industries.  
1964 baseline.  
 
Dr. Teicholz stirred a revolution in 
thought within the construction 
industry.  His work is repeatedly cited in books and articles as a supportive argument for 
changing to increased collaboration in design and coordination of expertise.   He cites 
slow technology adoption along with low interoperability10, variation in projects, small 
firm size and declining wages as additional reasons to expect slow recovery of 
productivity.  The construction industry may never achieve the labor productivity rates of 
other industries; it is simply too labor-intensive. However Dr. Teicholz feels that the 
construction industry can improve significantly, if very slowly.   
 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  9	  Teicholz,	  op	  cit.	  p	  6	  10	  Interoperability	  means	  the	  ability	  of	  one	  computer	  program	  to	  integrate	  information	  with	  another	  program.	  	  This	  complex	  problem	  is	  worked	  on	  every	  day	  by	  scores	  of	  companies	  and	  advancements	  are	  reported	  in	  trade	  and	  scholarly	  journals	  frequently	  throughout	  2013	  and	  2014.	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Cooperation Defined 
For this paper, “cooperation” includes coordination, collaboration, and knowledge 
integration.  These elements are different and distinct features of cooperation.11  When all 
of these joint efforts are combined, each construction industry professional will have 
finally recognized and embraced the obvious, daily success of cooperation as practiced 
by the craftspersons right outside the window of his or her job trailer.  All good 
craftpersons know that cooperation with their peers, as much as possible, is essential to 
achieving any kind of sustainable production on job sites.  For example, temporary 
power, unstable walking paths, dangerous movement of tools and materials are just a few 
of the safety challenges that skilled craftspersons face all day.  For safety reasons alone, 
cooperation is a necessity on the job site.  
The descriptions by the advocates of each of the cooperative techniques herein (see 
Appendix B) all include specific references to improved cooperation, often through 
increased knowledge integration.  It is knowledge integration that is both the mechanism 
for efficiency and the remedy for contentiousness.   The professionals know more about 
their situation through knowledge integration. Their isolation and sense of risk of the 
unknown is reduced by immersion in the data stream of design collaboration.  John 
Nichols of HMC Architects said, “In collaborative design… one gets smarter decisions 
from the designer, the contractor, even the owner.”12 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  11	  “Rational	  Contracting”	  a	  similar	  process,	  discussed	  academically	  and	  applied	  in	  parts	  of	  northern	  Europe	  in	  the	  1970’s	  arose	  from	  similar	  sentiments	  and	  is	  still	  used	  to	  accomplish	  a	  more	  civilized	  industry.	  	  This	  thesis	  is	  concerned	  primarily	  with	  cost,	  waste	  and	  risk.	  	  	  12	  Nichols,	  J.	  Interview,	  March	  15,	  2014	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Since 1964, when the data for Dr. Teicholz’s productivity study was first collected, the 
industry now knows much more about design.  The industry now knows much more 
about risk. The industry now knows much more about materials. The industry has more 
materials. The industry knows much more about dispute resolution than we ever have 
before.  The industry has new methods to address all these elements inherent to 
construction projects.   
Now is the time for the industry to recognize that cooperation is the best organizing 
principle for its path to a more promising future. Borrowing language from Game 
Theory13 in mathematics, we can define cooperation as always doing what is best for your 
interests in a project and what is best for the project as a whole.   
Change 
Resistance to change is a roadblock.   The scope of change that is needed in the 
construction industry is nothing less than a sea change.  Adoption of cooperation is a sea 
change because it is a transformative change, affecting the approach, performance and 
outcome of every role in the industry.  Unfortunately, change efforts on this magnitude 
have not been very successful.  John Kotter, author of Leading Change (Harvard 
Business School Press, 1996) studied more than 100 change processes during the 1990s.  
Many were “…utter failures.  Most fall somewhere in between [success and failure] with 
a distinct tilt toward the lower end of the scale.”14  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  13	  See	  Chapter	  III,	  Cooperative	  Construction	  	  14	  Kotter,	  J.	  “Leading	  Change”	  1996	  Article	  Harvard	  Business	  School	  Press,	  p5	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This thesis doesn’t labor under the false impression that a change in the organizing 
principle of a major industry is going to be smooth, quick or easy.  Notwithstanding the 
difficulty, it is incumbent upon the construction professionals of today to bring our 
industry into the modern world.   
The Way Forward  
Will Lichtig,  formerly legal counsel to Sutter Health and currently Senior Executive with 
Boldt Construction in Sacramento California writes: 
Hypothesis: Risk on projects has become so complex and specialization has 
caused such a disintegration of expertise, that the only real way to truly assess, 
mange and mitigate risk in the development, design, fabrication and assembly of 
projects is to “re-integrate” that expertise thru the formation of IPD [Integrated 
Project Delivery] teams and the development of new processes for design and 
delivery using BIM [Building Information Modeling] and the project platform. 15 
Cooperation, elevated to an organizing principle of the industry, will accomplish these 
goals as quickly as possible.   
This discussion begins with the analysis of school facilities.  Then focus shifts to 
cooperation itself - and proof of its effectiveness using Game Theory.  The discussion 
proceeds to an unusual opportunity for schools to adopt cooperative construction 
techniques in new hybrid project delivery system of their own design.  A study of the 
right attitude for cooperative construction follows. It is demonstrated by two well-known 
techniques: Lean Construction and Partnering.  Then follows is a discussion of a sample 
contracts.  Throughout are interviews with today’s professionals and how they are using 
cooperative techniques to achieve their goals.  
 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  15	  Lichtig,	  Will.	  Hypothesis	  Handwritten	  message.	  	  Nov	  2013.	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CHAPTER II 
School Facility Funding And Procedures 
Every school day, 6.5 million people spend their day in a public school in California.  
This group is equivalent in size to the entire population of Tennessee.   This large public 
resource consists of 10,000 buildings.  Generally speaking, the public has voted to 
approve funds for school facilities frequently, although inconsistently.1   The future holds 
serious questions about funding, the complexity of the type of work needed in schools 
and the way forward for the construction industry in serving this large market area.  But, 
at the same time, a revitalized system of development (lease-leaseback) has freed the 
districts from regulations and provided an unprecedented opportunity for improved 
project delivery.  The context of recent history of school funding and procedures shows 
the background so that the unusual and innovative nature of new project delivery systems 
can be seen in detail.   
School Funding Structure 
California school facilities, viewed together, are a significantly valuable community 
resource, worthy of great care.   And Californians do care about their schools. 
Californians voted for and authorized over one hundred billion dollars of bond funds for 
school facilities in bond elections over six years from 1998 to 2004.2 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  See	  Appendix	  A.	  Timeline	  of	  School	  Milestones	  in	  Funding	  and	  Regulations.	  	  2	  See	  Figure	  2	  Brunner,	  E.	  Financing	  School	  Facilities	  in	  California,	  Essay,	  Quinnipiac	  University	  2011	  Camden,	  Ct.	  p54	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California has a hybrid system of funding for schools.  The State allocates funds from 
voter-approved bonds for school facilities.  This money is commonly matched by locally 
issued, voter-approved bonds. Both county funding and federal funding serve as sources 
of funding for specific programs, such as special education.  Currently, facilities funding 
is primarily a result of local bond issues.  As it turns out, the system operates erratically.  
The funding system has a long and varied history. (See Appendix A.) 
A major bond issue, which would have only partially funded an existing backlog, was 
placed on the ballot in June 
1994. The measure failed by 
only .4%.   The school facility 
professionals spearheaded 
legislation that reorganized the 
methods of funding delivery 
and finally, the November 1998 
Ballot contained a bond issue 
for $6.7 billion. It passed with 
62% of the vote.3 
The period from 1998 through 2004 was the golden age in the statewide funding of 
school facilities.  By 2000, California surpassed the national average in funding of 
facilities per pupil.4  The last of the large statewide bonds passed in 2004. 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  3	  State	  General	  Obligation	  Bond	  History	  Department	  of	  Education	  CalEdFacts,	  Web.	  Accessed	  Jan	  19,	  2014,	  http://www.cde.ca.gov/ls/fa/sf/cefgobondhistory.asp	  
Figure	  2.	  Facility	  Funding	  Per	  Pupil:	  CA	  vs.	  the	  US	  1988-­‐2004.	  	  California	  is	  shown	  in	  red,	  the	  US	  Average	  is	  shown	  in	  blue.	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Modernization  
Studies have shown5 that California needs to invest another one hundred billion dollars or 
more over the next ten years into school facilities in California.   The history and the 
present conditions and the need to upgrade the 300,000 public classrooms in California 
must be summarized very broadly for this thesis.   
The types of school projects waiting in line to get started have changed in recent years.   
To add to the complexity of the upcoming challenges, we have much more modernization 
work and less new construction to perform than in previous years.  Modernization is 
defined as work on a school that is more than 25 years old.  This is over 60% of the 
school buildings in the state.6  Of the 300,000 existing classrooms, thirty percent (that is 
90,000) of the classrooms are over 50 years old.  Of those, 30,000 are over 70 years old.7  
These buildings, simply by virtue of their age and variance in levels of maintenance, are, 
in any case, outdated for modern education. They are not compliant with modern 
standards for classrooms.  The priorities for modernizations are seismic safety, hazardous 
materials abatement, architectural upgrade, energy efficiency, technology upgrades and 
deferred maintenance.  Over the last 15 years, while the state has invested $118 billion in 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  4	  Brunner,	  E.	  Financing	  School	  Facilities	  in	  California,	  Essay,	  Quinnipiac	  University	  2011	  Camden,	  Ct.	  p54	  3	  Center	  for	  Cities	  and	  Schools,	  University	  of	  California,	  School	  Facilities	  in	  California,	  
2012,	  Executive	  Summary	  p.	  ii,	  Web	  http://citiesandschools.berkeley.edu/reports/CCS2012CAK12facilities.pdf	  6	  Dept.	  of	  Education,	  Fingertip	  Facts,	  2011,	  p1	  cde.ca.gov	  7	  http://citiesandschools.berkeley.edu/reports/CCS2012CAK12facilities.pdf	  Summary	  p	  ii	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schools facilities, only 28% was earmarked for modernization.8    At this time we need 
50% of funding to be allocated to modernization.    
Appendix H is a letter from Bruce 
Leslie of Martinez Unified School 
District.  Mr. Leslie shows a list of 
completed and planned projects 
funded by local bond issues.  This list 
contains many common modernization 
projects.  Mr. Leslie also describes the 
project leadership group and some 
project procedures.   
In AECBytes.com, Viewpoint 
Newsletter, March 2013, Professor 
Paul Teicholz updated his seminal 2004 article with nine more years of data.9  The newer 
data showed continuing trends of labor inefficiency in construction as compared to other 
industries.  Central to this problem is that much of the work of the construction industry 
is comprised of additions, alterations, reconstruction, maintenance or repair.  His analysis 
from 1987 to 2007 shows modernization needs to represent about 35% of the industry 
nationwide. 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  8	  Department	  of	  Finance,	  Office	  of	  Public	  School	  Construction,	  Strategic	  Growth	  Plan,	  Bond	  Accountability	  Summaries.	  	  California	  Agency	  publication.	  1998	  –	  2006.	  	  www.opsc.dgs.ca.gov/bondaca	  9	  Teicholz,	  op.	  cit.	  	  Also,	  Figure	  3.	  	  
Figure	  3.	  	  Red	  area	  is	  Additions	  at	  23%.	  	  	  Green	  area	  is	  Maintenance	  at	  12	  %	  	  Blue	  area	  is	  New	  Construction	  at	  64%.	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In California schools, since modernization will represent an even greater percentage of 
work needed, the districts and the industry will need yet more robust cost controls   and 
budget analysis during planning, as provided by new “design-assist” techniques.  See 
Chapter IV, Tools for Schools.  Modernization is commonly thought of as more 
unpredictable than new construction because of the element of more “reasonably 
unforeseen” conditions arise more in an existing building than a new one.   
There is a compelling example of how modernization can be improved significantly using 
inventive cooperative techniques.  Additional information exchange, such as detailed 
reports of existing conditions and carefully organized phasing programs, all prearranged 
with the schools faculty, were provided to bidders for modernizations in San Francisco 
Unified School District.  The SFUSD obtained excellent results with this substantially 
increased information exchange in a bidding process.  See Chapter IV, Tools for Schools, 
The Exception That Proves the Rule.  During the last few years, the need for new 
facilities, as well as for modernization, has mounted again.10   A study from UC 
Berkeley’s Center for Cities and Schools was presented in August 2012 to Senate 
Education Subcommittee on Sustainable School Facilities.11  At that time, modernization-
funding requests were $100 million over available funds.   Up through April 7, 2014, the 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  10	  “Hearing	  Summary:	  California’s	  K-­‐12	  Educational	  Infrastructure	  Investments.”	  C.A.S.H.	  Register	  August	  2012.	  Print.	  Growth	  is	  localized	  with	  some	  districts	  growing	  very	  quickly.	  	  11	  Vincent,	  Jeffrey.	  California’s	  K-­12	  Educational	  Infrastructure	  Investments:	  
Leveraging	  the	  State’s	  Role	  for	  Quality	  School	  Facilities	  in	  Sustainable	  Communities.	  2012,	  	  Berkeley:	  Center	  for	  Cities	  and	  Schools,	  University	  of	  California.	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unfunded modernization projects before the State Allocation Board add up to 
$217,000,000.12 
Portable Classrooms    
Of the approximately 300,000 classrooms in California, 75,000 are portable classrooms.13  
2 million students attend classes in these buildings every school day in California.14  1998 
legislation limited portable classrooms to a maximum of 25% of all classrooms.  (Prior to 
1998, 30% of new classrooms were required to be portables. )  There has been little 
reduction in 16 years in the number 
of portables.  Criticisms of portable 
classrooms in California include 
unhealthy ventilation, energy waste 
and noisy classrooms.15   Portable 
classrooms need significantly more 
maintenance and repair than permanent buildings.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  12	  State	  Allocation	  Board,	  Unfunded	  Modernization	  Projects,	  http://www.documents.dgs.ca.gov/OPSC/Resources/Unf_Lst.pdf	  13	  A	  study	  in	  2004,	  found	  that	  40%	  of	  the	  portable	  schools	  ventilation	  systems	  supplied	  inadequate	  fresh	  air	  exchange,	  (CO	  level	  >1000	  ppm)	  and	  that	  10%	  of	  the	  schools	  had	  severely	  inadequate	  air	  exchange	  (CO	  level	  >	  2000	  ppm)	  Sixty	  percent	  of	  the	  teachers	  turned	  off	  air	  conditioners	  at	  times	  due	  to	  noise	  of	  poor	  quality	  units.	  	  California	  Department	  of	  Health	  Services,	  “Environmental	  Health	  Conditions	  in	  California’s	  Portable	  Classrooms.”	  	  Novembar	  2004.	  http://www.arb.ca.gov/research/apr/reports/l3006.pdf	  14	  Toward	  cooler,	  quieter,	  energy-­‐efficient	  portable	  classrooms”	  Lawrence	  Berkeley	  Lab,	  Science	  Beat	  Newsletter,	  August	  2002.	  	  http://www2.lbl.gov/Science-­‐Articles/Archive/EETD-­‐portable-­‐classrooms.html	  15	  California	  Air	  Resources	  Board,	  op	  cit,	  p	  17	  
Figure	  4.	  Portable	  Classrooms	  have	  individual	  HVAC	  equipment	  that	  is	  widely	  criticized	  as	  unhealthy,	  wasteful	  and	  noisy.	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Portables were originally intended to provide temporary housing for fluctuating school 
district enrollments.  The quality varies substantially between different manufacturers.  
The level of maintenance varies between school districts.   
The Chief Investigator for a Lawrence Berkeley Lab report said that “you can design 
[portable] buildings that use less energy and address indoor air quality issues, if you do it 
right and are clever about it.”16   The point here is that these buildings are portable and 
temporary, not less expensive solutions to housing students and staff permanently.  From 
a long-term point of view, there is extra cost in maintaining these temporary buildings for 
extended periods.  HMC Architects report in Nov. 2011 shows that the Santa Anna 
Unified School District reduced its inventory of 768 aging portable classrooms to less 
than 100 at a maintenance savings of nearly $2,000,000 per year.17 
Lease-Leaseback 
These problems of increased proportion of modernization projects, aging facilities, 
thousands of left-over portable classrooms and an existing backlog of projects needing 
statewide funding present an urgent need for a new approach toward the provision of 
construction services for schools in California.  It is possible that a new development 
technique may address these problems and is already underway.  In the last few years, a 
development has recently expanded choices for districts regarding facilities provision 
under the Education Code.  This fast-growing process has to do with how we fund and 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  16	  “Toward	  cooler,	  quieter,	  energy-­‐efficient	  portable	  classrooms”	  Lawrence	  Berkeley	  
Lab,	  Science	  Beat	  Newsletter,	  August	  2002.	  	  Print.	  17	  HMC	  Architects,	  November	  9,	  2011	  Blog,	  Web	  http://blog.hmcarchitects.com/aging-­‐portable-­‐classrooms-­‐santa-­‐anas-­‐replacement-­‐plan-­‐to-­‐save-­‐dollars/	  
	  	    16  
procure school facilities.  In 1957, the legislature passed the “Lease-Leaseback” (L-LB) 
development system for schools.  The process has recently been revived and has been 
tested and validated in the courts.  Counsel for Los Alamitos Unified School District 
published the following news release: 
the lease-leaseback construction delivery method is a State-recognized tried and 
true method which can foster a more collaborative approach between district 
owner, contractors and architects.18 
This is an unusual method of exchanging leases to facilitate the construction of a school 
while the property is leased to the builder.  Please note that L-LB is a development 
system.  It is not, in and of itself, a project delivery system.   A development system is a 
method of funding through public bond issues and associated rules regarding the use of 
the proceeds from the bond sales.   
In a presentation before the Coalition for Adequate School Housing, (C.A.S.H.) in 
February 2006, Paula De Sousa, a senior attorney with Best, Best and Krieger in 
Sacramento, reported an advantage of Lease-Leaseback, saying that it, “Allows for the 
architect, contractor and District to be on the same team.” 19 
Conclusion 
The preferred procurement system for schools in California is now well aligned with 
cooperative approaches toward project delivery.   Chapter IV, Tools for Schools goes into 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  18	  Chialtas,	  Andreas.	  Court	  Validates	  Use	  of	  Lease-­Leaseback	  Construction	  Contracts	  
for	  School	  Districts	  Atkinson,	  Andelson,	  Loya,	  Ruud	  &	  Romo,	  News	  Release,	  June	  25,	  2013.	  	  Cerritos,	  CA.	  	  19	  DeSousa,	  P.	  Lease-­‐Leaseback	  2005	  –	  A	  Whole	  New	  Ball	  Game?	  C.A.S.H.	  26th	  Annual	  Conference	  on	  School	  Facilities.	  p.20	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detail about how school facilities professionals are creating their own cooperative project 
delivery systems under L-LB programs.  Chapter 3 discusses the concepts of cooperation 
and cooperative construction. Chapter 3 also provides a metric to evaluate the power of 
these concepts: Game Theory.   
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CHAPTER III 
Cooperative Construction 
 
Cooperation can be expanded to a new level using techniques begun in the last decade 
but not yet widely adopted throughout the construction industry.  The development of 
increased communication and planning capability through electronics has created an 
opportunity to integrate knowledge and expand cooperation exponentially.   
 
As said before, “cooperation” in this thesis 
means coordination, collaboration and knowl-
edge integration.  This thesis proposes an 
ethos of cooperation.  Such an ethos is guided 
by taking action in one’s own best interests 
and in the best interests of the project as a 
whole.  
Knowledge integration is the successful reduction of divisions along lines of expertise as 
pointed out by Will Lichtig.  Specialization, to some degree, must occur.  Each specialty 
has knowledge unique to its own discipline.  Knowledge integration occurs when salient 
details are shared, often through an electronic design portal, in the actual design.  For 
example, the byzantine process of “shop drawings” can now be replaced by allowing the 
mechanical engineer and the mechanical subcontractor direct access to the design pro-
gram.  The traditional method of providing the detail of, for example, steel fabrication is 
to have the fabricator provide drawings after the design is complete and the bid is 
	  Figure	  5.	  Knowledge	  Integration	  is	  now	  possible	  through	  BIM.	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awarded.  In this old method, the bid is based on a well-educated guess; the means and 
methods of construction is negotiated during the first few weeks of the project.  Months 
have already been wasted.  Design collaboration includes developing the steel details 
during the design phase.  Off site fabrication of additional project assemblies can be 
developed, saving time and money.  This is the promise of BIM, in a new ethos of coop-
eration.   
Knowledge integration in the design phase is the highest aspiration of cooperative con-
struction.  The designs for modern schools are of sufficient complexity that we need to 
capture the information efficiently from the professionals engaged on the project.  With 
BIM this is accomplished.  The waste inherent in incomplete designs will be eliminated, 
increasing efficiency and reducing contentiousness.   
Brief History of Knowledge Segregation and Integration 
Dr. Barbara Jackson gives us a historical perspective of project complexity in Design-
Build Essentials.   
…all the pieces of the design and construction puzzle were stored [before the 
Renaissance] in a single location - in the Master Builder’s brain, providing single 
source accountability without the complications of contradicting agendas and in-
dependent special interests.1 
 
Over 400 years later, there exists a single location where all the pieces of the construction 
puzzle can be stored instead of the Master Builder’s brain and that is the design-builder’s 
computer.  Computer-aided design and Building Information Modeling (BIM) can finally 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  Jackson,	  B.	  Design-­‐Build	  Essentials,	  2011,	  Delmar	  Cengage	  Learning,	  Clifton	  Park,	  New	  York	  p.	  4	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store the design process and allow for designers and builders to work together, multiply-
ing their individual capabilities.    
The historical events surrounding the birth of modern Western architecture during the 
Renaissance are worthy of examination, lest errors are made in the re-integration of 
knowledge necessary in modern times.   
According to the Authors of Design-Build, Planning Through Development,2  the devel-
opment of Architecture as a profession is attributable to Leon Battista Alberti (1404 -
1472) because he wanted to 
provide a design for the 
Santa Maria Novella 
cathedral in Florence by 
using drawings and models 
rather than attending  
the construction site.3  The 
authors go on to say that 
this approach leads to the 
segregation of expertise, 
which is so troublesome today.   
After considerable study into Alberti’s life, it seems reasonable to suggest that he was 
simply interested in design and the proper attitude of the designer toward aesthetics.4   By 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  2	  Beard,	  J.	  Loulakis,	  M.	  Wundram,	  E.	  Design-­‐Build:	  Planning	  Through	  Development	  McGraw-­‐Hill,	  New	  York,	  2011,	  p.14	  3	  Alberti	  traveled	  to	  Rome	  often	  and	  served	  under	  the	  “Humanist”	  Pope,	  Nicholas	  V	  4	  Alberti,	  L.	  On	  Painting.	  	  1436	  	  
Fig	  6.	  Alberti	  designed	  a	  predecessor	  of	  the	  camera	  obscura,	  a	  tool	  for	  depicting	  perspec-­‐tive.	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designing with great care and then delegating fabrication of skilled others, Alberti - a true 
polymath - was free to pursue painting, cryptography, athletics and theology.   Alberti 
contributed to many designs of cathedrals, residences and other projects, often collaborat-
ing with other designers.  His hallmark was integrating his knowledge and his elaborate 
study of aesthetics with those of other Florentine designers.   
The segregation of expertise and knowledge which has arisen since the Renaissance 
happened because of the increasing complexity of built environment, not because of 
Alberti’s pursuit of excellence in multiple disciplines.   The re-integration of expertise, as 
called for by Mr. Lichtig in Chapter I, is not likely to arise from the rebirth of master 
builders, such as those who preceded Alberti, but through leadership of cooperative teams 
using techniques such as BIM and embracing cooperation as a guiding principle.    
Cooperative Construction 
Cooperative construction, as discussed herein, is proposed as a “cafeteria” approach.  It 
contains many major concepts5 and offers for a structure of a cooperative construction 
project. No one tool will solve the complexity of a modern school.  Rather it will requite 
the right combination of tools, driven by a unifying principle of cooperation, will pre-
dictably improve the production of thousands of complex projects needed across every 
community in California .  Cooperation, as an organizing principle that will guide the 
construction industry to rid itself of its inefficiency and litigious tendencies.   
 
 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  5	  See	  Appendix	  B,	  Cooperative	  Processes.	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Everybody’s Got Skin in the Game 
The overarching concept for cooperative construction is that all project participants are 
intertwined in one project. The success of any one participant depends on the success of 
the project and vise versa.  Wrong-headed business concepts that separate interests into 
profit measures for some, yet not 
all, are to be avoided.  Operational 
concepts that divide expertise into 
“silos” are to be avoided.  Personal 
behavior that disrespects contribu-
tions of others is to be avoided.   
Dick Bayer, Executive Director of 
the Lean Construction Institute 
says, “Construction projects, in 
order to maximize the project 
need to be thought of as collective 
enterprises.  We all fail when one 
fails. “ 6 
As previously stated, a cooperative approach to an issue means finding the best solution 
for one’s own self-interest and the interest of the project.    It is presumed each party is 
acting in his or her own self-interest, because of basic rationality.  “Cooperation” there-
fore, distills to, “action by each participant in the best interest of the project.”  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  6	  The	  Military	  Engineer,	  Article,	  Leader	  Profile,	  Dick	  Bayer,	  July	  2013,	  Vol.	  105,	  Number	  684,	  p.	  42	  http://www.leanconstruction.org/media/docs/Dick_Bayer_LCI_Article.pdf	  
Figure	  7.	  	  A	  Venn	  diagram	  showing	  7-­‐set	  inte-­‐gration	  	  	  The	  new	  construction	  processes	  contain	  cooperative	  elements	  in	  each	  of	  them.	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How and Why Cooperative Construction Works 
Why engage in cooperative construction as compared to other development and delivery 
protocols?   
1. Cooperation saves money.  For example, our common investments in public 
works are less expensive.   Professionals can earn a living out of generating im-
proved productivity, less waste and producing more value.   
2. Waste is eliminated where possible.  Utilizing Lean Construction, a core coopera-
tive technique, the entire construction industry consumes fewer resources and cuts 
substantial waste from the economy.  Lean Construction is the quintessential co-
operative construction technique.  Greg Howell, of the Lean Construction Institute 
defines Lean Construction as “a continuing effort to eliminate waste from a pro-
duction system to produce ever more value to the customer.”7   
3. Construction time is reduced.  This means that neighboring properties are im-
pacted for shorter periods.  Financing interest costs are reduced .  Insurance poli-
cies are shortened. Time-driven General Conditions expenses are saved. Produc-
tive properties generate tax revenue sooner.  Construction is so disruptive that 
England, for example, has an organization to minimize the impact on the adjacent 
properties.8  The Design-Build Institute of America, (DBIA) as an example of 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  7	  Howell,	  G.	  “Lean	  Construction	  Opportunities,	  Ideas,	  Practices.”	  	  Speech	  at	  Lean	  Construction	  Institute	  Workshop,	  Seattle,	  WA,	  Sept	  2008.	  8	  The	  “Considerate	  Constructors	  Scheme”	  was	  developed	  as	  a	  non-­‐profit	  by	  the	  Construction	  Industry	  in	  the	  UK	  in	  1997.	  	  In	  2002,	  I	  saw	  a	  fellow	  wearing	  a	  tie,	  di-­‐recting	  traffic	  in	  London	  at	  a	  construction	  site	  entrance,	  behind	  him	  were	  the	  “CCS”	  standards	  posted	  on	  the	  site	  fence.	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time savings, reports 30% improvement over design-bid-build project delivery.9  
Design-Build is a cooperative process because the design collaboration is a pri-
mary element of the D-B delivery system.   
4. Design is made prominent in the process.  The design goes deeper.  The design 
becomes true project planning.  Waste is reduced by better, more integrated plan-
ning.  For example, shop drawings are made irrelevant; they are already in the de-
sign.  Uncertainty is reduced.  Fewer change orders are written.  Risk is reduced.   
Engaging both the designers and the “makers,” the creative power of a design is 
protected and constructability is integrated.  The creative elements of the design 
can be priced as they are being developed, reducing possibilities of late cuts in 
scope.    
5. Cost information, budgeting and modeling can be developed at the conceptual de-
sign stage.  Fewer changes are needed later in the project. Traditionally, errors in 
bidding and incomplete designs are both prominent in construction disputes.  
These are reduced by good design collaboration.  Cost risk is reduced even further 
by projects that utilize Target Value Design, a Lean Construction technique, 
where the budget controls the design.10 
6. Quality is more precise.  The project drawings include the actual products (for ex-
ample, heating, ventilating and cooling [HVAC] equipment.) These are precisely 
matched to the drawings, because the HVAC contractor has been involved in the 
design.  BIM is utilized effectively in design-assist to record and track the input of 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  9	  Federal	  Highway	  Administration,	  Design-­‐Build	  Effectiveness	  Study,	  Jan	  2006,	  p	  10.	  10	  	  “Target-­‐Value	  Design:	  Nine	  Foundational	  Practices	  for	  Delivering	  Surprising	  Client	  Value”	  Lean	  Project	  Consulting,	  Inc.	  2007	  www.leanproject.com	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materials, products, processes normally shown only in specifications books.   “Or 
equal” language in specifications is not needed.  The design has already been de-
veloped to include the correct materials in coordination with the builder. 
7. Risk and cost are reduced.  New processes such as decision trees and Dispute Re-
view Boards (DRB) will reduce litigation significantly.  In a seminar recently, 
Ferdi Fourie,11 a claims administrator from Kiewit Construction, said that he re-
ceives approvals for discounted proposals from firm owners when a DRB is em-
ployed.  Decision trees and Dispute Review Boards are a cooperative process be-
cause disputes are resolved quickly in the best interest of the project, while the in-
dividual company releases rights to go directly to litigation.  The mitigation proc-
esses must be prepared for in advance, for example in ConsensusDocs 300 Article 
4.6, see Chapter VI, Contracts and Risks.   
 
Evolution of Cooperation 
The cover of the July 2012 Scientific American has a drawing of a person’s head in 
cross-section.  The brain is made of dancers in smooth blue-grey costumes creating a 
brain made of other people.  The artwork displays the thrust of the article: cooperation 
means holding a concern about others.  “Humans help other humans do everything.” 
The cover article is “The Evolution of Cooperation.”12  This article, with a rich scientific 
core, was written by Martin Nowak, professor of biology and mathematics at Harvard.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  11	  Mr.	  Fourie	  is	  also	  a	  visiting	  Professor	  at	  Virginia	  Tech.	  Mr.	  Fourie	  was	  quoted	  from	  the	  2013	  Construction	  Superconference,	  December	  2013,	  Palace	  Hotel,	  San	  Fran-­‐cisco,	  CA.	  	  	  12	  This	  article	  was	  the	  genesis	  of	  the	  the	  author’s	  research	  into	  Game	  Theory.	  	  	  	  Two	  other	  sources	  are	  the	  main	  research	  sources	  for	  this	  section	  of	  the	  thesis.	  	  They	  are:	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His thesis shows cooperation from an additional angle. Nowak shows how cooperation is 
much more than a concern for others.  He asserts that cooperation is profitable.   
This thesis’ abstract asserts that all can benefit from 
cooperation inside the construction industry, even though 
cooperation sometimes appears in tension with the natural 
tendency towards self-interest.     
The foundation of Nowak’s article utilizes Game Theory 
as proof of cooperation’s success.  There are numerous 
benefits attributable to cooperative behavior that is 
demonstrated by Game Theory.  The language available 
in this - mostly mathematical - discipline is useful to 
describe each participant and their strategies. 
Nowak’s article reports that many species of animals display cooperative behavior and 
many species flourish because of their cooperative nature - none more than humans.  In 
cooperative behavior, the self-interest of rational humans is maintained in simultaneous 
balance with the interests of others.  Human interactions that display cooperation have 
been widely analyzed and measured Game Theory. 
In Game Theory, all human interactions are discussed as “games.”  This thesis will use 
the rubric of Game Theory for discussing the behavior of principals while executing 
construction contracts.  Scholarly research in Game Theory gives us the language to 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  The	  Evolution	  of	  Cooperation,	  Robert	  Axelrod,	  Basic	  Books,	  New	  York,	  1984,	  and	  “Economics	  159,”	  Benjamin	  	  Polak,	  Open	  Yale	  Courses,	  2010,	  http://oyc.yale.edu/economica/econ-­‐159/lecture-­‐1	  
	  
Figure	  8	  	  July	  2012	  Cover	  of	  Scientific	  American	  about	  cooperation.	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discuss the details of commonplace behaviors.  We will use this language to discuss the 
duties of professionals in construction projects.   
Cooperative Games and Non-Cooperative Games 
First, the world of Game Theory divides games into cooperative and non-cooperative 
games.  These are terms of art.  For example, “non-cooperative” game does not mean an 
uncooperative game.  A cooperative game is one in which the participants agree to a set 
of rules and, for purposes of analysis, faithfully follow them.  A non-cooperative game is 
simply a game that does not contain predetermined rules.  The process of creating a 
cooperative game is negotiation.  The conclusion of the negotiation is the point when 
each participant can no longer improve his or her position without some change in the 
position of one of the other participants.   
At this point, the players have arrived at Nash’s Equilibrium.  The famous mathematician 
and Nobel Prize winner, John Nash, analyzed this point in human interaction and gave it 
the name “equilibrium.” In construction, Nash’s Equilibrium is when the pen hits the 
contract.  At the point of Nash’s Equilibrium, the participants can “cooperate” (agree to 
proceed) or “defect” (decline to participate.)  The parties have discussed the contract, 
understood the proposal and negotiated the best position possible.   Furthermore, each 
fully understands the positions of the other parties.   All possible information has been 
exchanged, so they can now enter into an agreement under a set of rules.  When they 
choose to cooperate, they are entering into a cooperative game by simply agreeing to the 
rules.  With his findings, John Nash reoriented the focus of business interactions in hun-
dreds of industries around the world.   In modern construction, the process occurs repeat-
edly.  The conclusion of a negotiation and execution of an agreement happens many 
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times during any one contract for any project.  Every change order negotiation, every 
update of a schedule, every payment contains a new opportunity for negotiation, equilib-
rium, and cooperating under the rules.  
This analysis is a condensation of an elaborate mathematical theory. The primary func-
tions inside Game Theory are worth reviewing in detail because they give us a detailed 
language for discussing of cooperation in construction.   
The Inner Workings of Cooperation in Construction 
A construction contract, then, is a series of cooperative games.  At any point, a party can 
choose to cooperate or not.  Defection can happen in a smaller negotiation inside the 
contract without voiding the overall agreement.  The purpose of proposing a new ethos of 
behavior inside the contract is to increase the speed and success of re-enacting the proc-
ess of agreement numerous times.  At its most basic, finding equilibrium quickly is the 
main job of the new construction professional.  It is not to maximize the profit for them-
selves, or shift the risk to another party; it is to find the equilibrium point of hundreds of 
negotiations as quickly as possible.  Defections of one party or another in any interaction 
within a construction project can delay a project – rarely an acceptable outcome.  The 
rules of the new processes described in Appendix B, give construction professionals 
paths to avoid the antiquated practices of risk-shifting and price manipulations, by recog-
nizing their wastefulness and consigning them to the dustbin.   
Cooperation and “Winning” 
There is proof that cooperation can be a dominant strategy.  It is contained inside Game 
Theory.   This theory helps to show when, how, and why cooperation wins.  Cooperation 
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is the best outcome in any interaction because, rational participants find the best outcome 
for themselves and for the project.   Winning means a cooperative kind of winning.  
Winning means a sustainable kind of winning.  Winning inside the principle of coopera-
tive construction is a kind of outcome that one can do over and over again.  It is this 
simple fact, the repetition of encounters, sometimes for years, of construction profession-
als that both promote and stabilize cooperative behavior.  Robert Axelrod states: “For 
cooperation to prove stable, the future must have a sufficiently large shadow.”13  The 
indefinite number of interactions that arise on a construction project is one of the most 
stabilizing factors for cooperative behavior.   
Game Theory Offers Many Confirmations of Cooperation 
There are five ways that game theory shows the utility of cooperation as a strategy in 
business interactions, particularly as applied to the construction industry.  
1. Nash’s Equilibrium: This is the point at which no one participant in a negotiation 
can improve his or her strategy, given the strategy of the other participants. All 
negotiations tend to move toward Nash’s Equilibrium.  The participants are pre-
sumed to be interested in their own best outcome while simultaneously finding the 
best outcome for the group.   
2. No Regrets:  When Nash’s Equilibrium is established, the system of confirmation 
and execution of process begins with an internal processing of the results of the 
negotiation.  Each participant looks for regrets; when none are found, then all par-
ties are ready for a new interaction.  Fundamental to Game Theory is rationality 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  13	  Axelrod,	  R.	  op.	  cit.	  p.	  4	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of the participants.  Therefore all participants are expected to decline an agree-
ment that will cause them to carry regrets.   
3. Tit for Tat: This is the winning strategy in the most studied game in all of Game 
Theory: Prisoner’s Dilemma.14 When the game is played in rounds and it is called 
Iterated Prisoners Dilemma.  The most successful strategy is to start coopera-
tively, then respond to the other player.  (See Appendix F, Prisoner’s Dilemma.)  
The lesson learned is that cooperation begets cooperation.   
4. Strategic Thinking:  A good negotiator places himself in the other person’s shoes, 
viewing that persons strategies from his or her point of view.  One person’s re-
sponse must always be the best response in terms of  the other’s responses.  
5. Leadership:  In coordination games (or any interaction where communication is 
available) leadership can assist in finding Nash’s Equilibrium.  The expectation 
that other participants act cooperatively will increase the likelihood that all will in 
fact do so.  Good leadership can promote and effectively increase cooperative  
behavior by predicting it.   The leadership findings in Game Theory have impor-
tance for the construction industry.   
Mechanics of Game Theory and Construction 
What do we take from game theory and apply toward construction?  Game theory proves 
for us that cooperation is applicable to the construction industry in two specific ways, 
both useful:  
1. Coordination Games:  A construction project would fall under the category of 
a “coordination game” (one where external standards apply, such as building 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  14	  Axelrod,	  R.	  op.	  cit.	  	  p	  53.	  See	  Appendix	  F,	  Prisoner’s	  Dilemma.	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codes.)  In coordination games,15 communication can help produce a coopera-
tive interaction.  For example, clear communication regarding the compliance 
with Building Codes is to everyone’s advantage.  A coordination game arises 
from a situation where all parties can realize mutual gains, but only through 
consistent decisions.  Therefore the role of communication is paramount.  A 
leader can inquire, advocate, ask for consensus and lead the discussion to 
equilibrium quickly, leaving everyone with no regrets.  The strength of a 
leader’s conviction about cooperative processes is predictive of success.  This 
is the duty of leadership.  
2. Games that are not Coordination Games:  Other cooperative (not coordina-
tion) games do not provide for communication and do not adhere to a set of 
external standards.  The parties can only “communicate” indirectly by inter-
preting one another’s moves and strategize accordingly.  This is the role of 
reputation, a term of art in Game Theory, and reputation is always a dominant 
element in interactions in construction.  These non-coordinated interactions 
occur often under the awesome press of time in construction.  For example, 
one may need to make commitments, without having time to obtain all of the 
information about an issue.  Using cooperation as a dominant, repeating strat-
egy, (just the way we see that “Tit of Tat” works in the Prisoner’s Dilemma, 
see Appendix F.) reputation can be used to gain the necessary time to achieve 
a successful result.   
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  15	  Coordination	  Games	  have	  a	  maximum	  “payoff”	  when	  the	  players	  have	  matching	  strategies,	  such	  as	  compliance	  with	  external	  standards.	  	  	  
	   	   32 
	  
In a coordination game leadership communication can increase the success of finding 
equilibrium through simply predicting it.  In a non-coordination game, where communi-
cation is limited or not available, reputation becomes the key to finding equilibrium.  
Either way, through leadership or reputation, today’s professionals must bring the right 
attitude to the project to move the construction industry forward.  See Chapter V, Right 
Attitude.   
Cooperation Summary 
 Our industry creates some of the largest, most expensive products known to our species.  
The scale of things at hand amplifies perception of risk on any given day.  The relentless 
pressure to finish the construction as soon as possible adds to the sense of risk because 
any delay can become a source of criticism.  These simple facts influence how the par-
ticipants behave in decision-making. Cooperation can affect the behavior of participants 
and the outcome of the project for the better.   
The complex design and building process is such an elaborate exercise that the demon-
strable positive effects of cooperation are necessary to advance the construction industry 
beyond its current difficulties.  The repeated nature of the interactions of parties brings 
reputation into play, even when communication is limited by the press of time.   A highly 
skilled leader can make any almost situation work.  While attempting to provide the best 
choices possible for the project principals, their leadership skills can prevail in coopera-
tively guiding each other to the best solution for the project and for themselves.   
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CHAPTER IV 
Tools For Schools 
 
Many modern cooperative construction techniques are in place in school construction as 
of 2014.  These are cooperative processes that have achieved positive track records over 
the last ten years.  However, the coordination and further expansion of these techniques 
into school construction has yet to be accomplished on a scale necessary to keep up with 
the workflow of facilities in California.  School Districts are currently developing their 
own systems to best suit their needs and the open regulatory structure available to them.   
Starting with a detailed review of Lease-Leaseback (L-LB) and its impact on school 
facilities, there are brief reviews of other highly important cooperative tools and how they 
fit into L-LB.  The cooperative techniques to be described below are:  
1. Best Value Procurement 
2. Building Information Modeling (BIM) 
3. Design-Assist, Design-Build programs and Cost Modeling. 
4. Guaranteed Maximum Pricing (GMP) and Project Target Cost Estimating (PTCE) 
5. Green Building and Commissioning 
6. Dispute Review Boards 
 
Lease-Leaseback, An Opening for Expansion of Tools.   
The Lease-leaseback, (L-LB) system is not a project delivery system. Rather, it is a 
method of developing school facilities.  The distinction is that under L-LB, the district 
can use any project delivery system.  L-LB is a system of leases that allows the district to 
develop property into a school, or modernize a school, when the district is paying for the 
project through leaseback payments instead of construction contract payments.  There are 
fewer regulations in this system.   
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After identifying a need for capital improvements, the district can propose issuing 
General Obligation (G.O.) bonds and, given voter approval of 55% or more, sell the 
bonds and utilize the funds to purchase property and fund the development.  All of the 
standard regulations from the Department of Finance apply to the G.O. bonds.  For 
example, an oversight committee must be formed to follow the use of the income from 
the bond sale, and the committee must regularly and publicly report to the district board.  
However, under L-LB, these are the main requirements placed upon the district.   
The district can lease property that they own to a developer-builder to construct or 
modernize a facility, then lease back the completed facility.  The L-LB system has been 
confirmed in courts as well as by actions of the governor’s office.  It’s now a growing 
practice in school districts today.  Mike Wasserman, senior consultant for Capitol 
Program Management recently said, “Lease-Leaseback is the best delivery method for 
most projects in my opinion.”1 
The Two Leases 
Under L-LB, here are two leases:  
1.  Site Lease: The district leases a school site to a builder and provides completed plans.  
The lease contains a provision requiring the construction of a school with a guaranteed 
maximum price and a completion date.  Commonly, the builder has worked with the 
district previously and has participated in the design of the facility to be built.    
2.  Facilities Lease:  The district leases back the completed facility with payments 
reflecting the value of the new building.  The lease payments are similar to construction 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  Michael	  Wasserman,	  Principal,	  Capital	  Program	  Management,	  January	  2014	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payments.  The district, using funding from local and statewide bonds, obtains ownership 
of the facility as the payments are made. 
Advantages of L-LB 
Under lease-leaseback, in California schools, a district can utilize any project delivery 
system currently in use today or, as it turns out, add, change and modify existing project 
delivery systems.    The L-LB system is complex, yet it is less complex than other 
procurement systems that are allowed under existing legislation in California.  This is 
understandably why the Assistant Director of the Office of Public School Construction, 
Michael Savidge, reports that all of the Design-Build projects in schools are being built 
under lease-leaseback funding programs because there is less regulation and reporting. 
Under L-LB, the regulations regarding the operation of a school construction project, 
consisting of hundreds of pages, are set aside and only two paragraphs, Education Code 
#17406,2 control the district’s actions regarding the construction and use of the public 
funds.  Other regulations in other sections of state codes that continue to apply are the 
basic structural safety regulation of the Field Act of 1933, the California Building Code, 
applicable labor laws and the Department of Finance rules.   
Operation of the Project Under Lease-Leaseback 
It tells us a lot about cooperative construction techniques to look in detail into a new 
hybrid project delivery system (this project delivery system does not have a name as of 
yet) which uses L-LB.  Since many regulations about how to organize and build a project 
can be set aside, districts have created a system of their own design of project delivery.   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  2	  See	  Appendix	  C.	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The districts utilizing these new procedures under L-LB are quite sophisticated owners, 
with development staff and well-informed boards of directors.  There are many sources 
where a district can learn about L-LB, but the district must go there to obtain the 
information.  An experienced attorney is required to draw up the leases.  There are 
descriptive papers published on the net or consultants who know how the most popular 
new system is being used.  The organization C.A.S.H. has regular seminars on these 
development procedures.3  Kim Scott of Blach Construction has studied project delivery 
systems along with the principals of her firm and they supply information to their clients 
re: L-LB.4 
Since the popularization of L-LB recently, a hybrid method of project delivery has grown 
up. It was created organically out of the conditions of the development scheme.  This 
hybrid project management system, assembled by the best minds available, is really a 
collection of cooperative construction techniques with a number of variations selected to 
provide efficiency, reduce contentiousness and share risk for each project.  One possible 
name might be “Balanced Project Delivery.” 
Selection of Architect and Builder-Developer under Lease-Leaseback 
Let us look at a school facilities project chronologically so that the details of this new 
project delivery system can be discussed in detail.  After passing a bond election, a 
District first decides on the builder-developer and the architect.   According to Mike 
Wasserman, a principal in Capitol Project Management, a qualifications-based selection 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  3C.A.S.H.	  Seminar	  Schedule	  Coalition	  for	  Adequate	  School	  Housing,	  2011.	  Web.	  dshttp://www.cashnet.org/meetings/2011_Annual_Conference/TuesdayFebruary222011/330pm-­‐430pm/WK_27_Lease_Leaseback.pdf	  4	  Interview	  with	  Kim	  Scott,	  Blach	  Construction,	  March	  25,	  2014.	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system for selecting both the architect and the builder-developer is common.  He 
recommends a “Best Value” system for the procurement of these important positions 
under L-LB.  The most significant element of L-LB is that the District is relieved of the 
low-bid system required by legislation.  With the low-bid mentality removed, it is 
possible for the builder, owner and designer to start working together on the design 
without the contentious nature of the bidding process.  Bernards Construction reports the 
following:  
This form of delivery (L-LB) alleviates the conflicts that often arise from the low 
bid procurement method, reduces the district’s exposure to cost overruns and 
results in a shorter overall project delivery.5 
Paula De Sousa, senior counsel with Best, Best and Kreiger, LLP reported in a 2004 
conference for C.A.S.H. that L-LB, "Allows for the architect, contractor and District to 
be on the same team."6  The criticisms of “low-bid” procedures are not just that the 
process is overly competitive; it is that the requirement to accept of the lowest bid is 
overly simplistic and prone to contention.7  The inherent constraints of limiting design 
information to the bidding period prevents a multidisciplinary consultation developed 
under Best Value procurement with design-assist services discussed below.  
Leigh Coop, Director of Facilities of Vacaville USD pointed out that there is no other 
part of life, professional or personal, where the lowest price selection is required or even 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  5	  Bernards	  Construction	  website:	  http://www2.bernards.com/services-­‐expertise/delivery-­‐methods-­‐services-­‐contd/	  	  Page	  2.	  	  	  6	  DeSousa,	  P.	  “Lease	  Leaseback	  Projects”	  C.A.S.H.	  Annual	  Conference,	  February	  2004	  7	  Teicholz,	  op	  cit.	  p	  7.	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logical.8  This precise point is the most significant finding of Dr. Teicholz and the 
Stanford Center for Integrated Facility Engineering as quoted in Chapter I.   
The common source of contention in “low-bid” procedures is the completeness of the 
plans and subsequent conflict regarding claims of extra cost beyond the bid.  No plans are 
perfect and some bidders make unreasonable assertions in order to cut their bid under that 
of the competition.  The low-bid mentality promotes a temptation for the contractor to 
recover the money left on the low-bidder’s table through Change Order Requests or 
Claims of Delay.  If the construction industry fails to eliminate this antiquated process, 
and replace it with proven procurement procedures it will continue to be exposed to the 
criticisms of failed productivity and litigious nature.   
Best Value Procurement Compared to Low-Bid Requirements 
The Design-Build (D-B) practitioners have used Best Value procurement processes for 
years.  Under Best Value procurement, contention is reduced, cost is adequately 
considered and skilled professionals are all given a well-developed opportunity to bring 
their best presentation to an impartial selection committee.  It is a cooperative (while still 
competitive) procedure because the information delivered to the selection committee 
fundamentally changes the positions of the participants.  It is important that the selection 
committee keep accurate records as to the scoring of the presentations and the calculation 
of the winning proposal.  As discussed in Game Theory, the amount of information about 
the other participants in an interaction greatly increases the opportunity to reach 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  8	  Interview	  with	  Leigh	  Coop,	  Director	  of	  Facilities,	  Vacaville	  USD.	  	  3/24/14	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equilibrium quickly.  Thereby the best interest of each participant is maximized and the 
best interest of the group is maximized as well.   
In one case recently, a Fresno-area district, using L-LB, put their the design out to 
bidding, and accepted alternative cost saving proposals to the design from 6 bidders.  The 
normal process for low-bid projects is that no exceptions, (meaning no changes to the 
design) may be proposed on bid-day.  This is an example of how districts are crafting 
their own project delivery designs.  This approach includes much more information 
exchange in the bidding, making selection perhaps more complex, but also much more 
collaborative and effective.  The bid was won by Diede Construction and reported by 
Brett Diede in an interview in May.  The selection was made by comparing pricing, the 
completeness of the review and comments about constructability.  
The oft-repeated, unsubstantiated claim that additional project costs arise by avoiding the 
competition of low-bid requirements is purely speculative.  Studies show9 that there is no 
dependable comparison made to support the allegation that Best Value procurement costs 
any more for the same project built with a low-bid selection requirement.  Every project 
is different; no comparison can account for all the variances in a multi-million dollar 
school construction project.  The substantial advantage of avoiding the low-bid system is 
that the real cost of the project can be known to all parties much earlier by using design-
assist systems.    It is significant that much more effort is placed in the design process 
using Best Value procurement and design-assist systems, however changes are 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  9	  Vincent,	  J.	  “The	  Complex	  and	  Multi-­‐Faceted	  Nature	  of	  School	  Construction	  Costs:	  Factors	  Affecting	  California”	  June	  2008.	  Berkeley,	  Center	  for	  Cities	  and	  Schools,	  University	  of	  California.	  	  p	  3.	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dramatically reduced, bid protests are eliminated and overall time is demonstrably 
reduced.  
Developing a High Functioning Team for Design Phase 
Now that the main participants have been selected in a fair, yet reasonably competitive 
way, a new opportunity presents itself to the owner.  This point in the history of the 
project is the “preconstruction phase.” 
  “Design-assist” or “design-build” services from the builder comprise the first major 
opportunity for collaboration on the project.  This activity is contained in a services 
proposal delivered from the prospective builder to the district at the time of hiring the 
architect.   The actual leases are signed when the design is approved.   
The builder and the architect can be the same entity, but there is a tendency (under L-LB) 
to engage them separately to maintain the direct connection between the architect and the 
district.  There is an opportunity to collaborate with the builder during the design, yet 
maintain the integrity of the client-architect arrangement through direct agreements.   
Specifically, in a separate developer-builder preconstruction services agreement, the 
builder becomes a consultant to review the drawings at specific intervals and among 
other services, develop construction cost analysis at the various stages of design.  The 
design team, including the builder under a design-assist agreement, should be assembled 
no later than 25% of the design, according to Will Lichtig in 2006.10 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  10	  Lichtig,	  W.	  The	  Integrated	  Agreement	  for	  Lean	  Project	  Delivery,	  Article	  in	  Construction	  Lawyer	  Volume	  26,	  No.	  3,	  American	  Bar	  Association.	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John Nichols of HMC Architects11 has a prerequisite of demonstrated collaboration skills 
in their design-assist team members.  He said: 
In a collaborative design, like design-assist services, one gets smarter decisions 
from the designer, the contractor, even the owner.  If the team together is 
committed to design it right the first time, design-assist can work well.  HMC 
wants to know that there will be no hindrances between the designer and the 
owner.  Given that relationship, having a good builder  partner is helpful, 
especially in materials selections and cost analysis.   
Design-assist is the point in the project where the Building Information Modeling (BIM) 
software produces its value.  The design contains the actual specification for each 
element contained in it.  The information about the product is electronically embedded in 
the drawing of the project so that the design-assist activity can be efficiently provided.   
The design can be accessed and adjusted by qualified participants to the design-assist 
process.  When a change is made, a note is generated including who added what, when.  
Before BIM was created, the design could easily careen out of control of the designer.  
This fine-tuning can bring the builder, the sub consultants and even the subcontractors 
into the process as needed.  This advance in design process makes the costs known early, 
reduces changes and reduces risk. 
Risk Reduction in “Open Book” and Cost Analysis Processes 
There is a companion exercise for the builder during the design-assist program, often 
used in recent L-LB and D-B programs:  the development of a budget.  In some cases the 
budget comes directly from the owner in the form of a maximum budget before the 
beginning of the project.  Most of the time, the budget is established when the conceptual 
design stage begins.   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  11	  Nichols,	  J.	  HMC	  Architects,	  Irvine,	  Interview,	  March	  15,	  2014	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There are computer programs, such as dProfiler, that build a project cost estimate from 
the most basic information.  Dr. Greg Starzyk of California Polytechnic State University 
(Cal Poly) Construction Management teaches the program currently.12 The program uses 
an electronic design tool that makes a “cost model” in a drawing tool similar to Google 
Sketch up and applying R.S. Mean’s databases.   It is highly valuable to know cost 
information early in the design process, because changes can be made in the design to 
conform to cost limits long before the design is completed.  The cost model can be 
updated at any point, but three updates, at schematic design, design development and 
construction drawings appear to be common points in time for cost modeling and budget 
review.   
A common discussion in the interviews (see Appendix E, Interviews) for this thesis is 
about the previously hidden costs of construction.  These costs are now disclosed as a 
part of budgeting under new project delivery systems used by districts in L-LB projects.  
Mr. Wasserman of Capital Program Management stated that clients attained improved 
understanding of cost modeling when it included listing the builder’s General Conditions, 
Overhead and Profit.  Jim Forrester of Antioch USD calls this level of analysis in cost 
modeling an “open book” process.  What is significant is that the school district can 
require that the builder-developer (a consultant during design-assist) to report all of the 
administrative costs and profit accruing to the builder.  This process expands the cost 
analysis process to include actual percentages to be used by the contractor during 
construction.  Mr. Forrester feels that the “open book” policy of Antioch USD is central 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  12	  Mr.	  Starzyk	  reports	  that	  a	  good	  conceptual	  estimate	  of	  standard	  office	  building	  can	  be	  assembled	  in	  a	  half-­‐day	  or	  less.	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to the reduction of contention in L-LB because the district is informed as early as 
possible regarding all of costs in any part of the project.  Further, “redundant 
contingencies”13 are avoided.  These charges usually added by major subcontractors who 
are concerned about risk, are avoided because of the increased disclosure.  When the 
design is approved by the Department of State Architect, (school construction is not 
administered by local jurisdictions) then the district and the builder can execute the lease 
for the site and the leaseback of the completed facility. 
Closeout Procedures under Lease-Leaseback 
Project closeout is similar in terms of substantial completion notice from the builder, 
punch list from the architect, and final payments.  The close out requirements of the 
project can distribute profits or damages to parties in different ways, depending on the 
contractual level of integration of risk.  First, the parties may look at the relationships in 
the project as partners sharing risk equally, now often called “Integrated Project 
Delivery.”  Profits over Guaranteed Maximum Price (GMP) can be shared, on a pre-
determined schedule, among parties.  Losses can be shared up to specific portions or 
limits for each party.  One technique is that the builder is guaranteed of being paid for his 
costs.  Without including errors or defects, the contractor can be guaranteed of being paid 
back for all of his costs.  The definitions of these costs as opposed to home office 
overhead or profit have been well defined in established time-and materials contracts.  
Please see Chapter VI ConsensusDocs 300 Paragraph 6.3 for further details on project 
close out procedures.   
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  13	  Jackson,	  B.	  op	  cit,	  p215	  
	   	   44 
	  
A Brief Comparison of Project Delivery under L-LB to Design-Build Delivery 
Systems 
The Design-Build (D-B) system, the grandfather of all alternative delivery systems, is 
named after the design collaboration process.  The comparison between the project 
delivery system under Lease-leaseback and D-B is informative.   
In D-B, a design team consisting of a designer and a builder are given the go-ahead from 
the owner.  As mentioned earlier, in the hybrid project delivery system under L-LB, 
designer and builder are commonly hired separately.  Both are utilized as service 
providers through conceptual design, design development and construction drawings. The 
builder is engaged as a consultant about costs and materials  At some point, 
(approximately at 75% - 85% design) the builder can produce a GMP.   The Design Build 
Institute of America (DBIA) forged the way toward cooperative elements through Best 
Value procurement and the collaboration on design at the center of the D-B system.  
Under L-LB, the districts use the DBIA-style Best Value procurement system for the 
builder is usually divided into preconstruction consultation and construction.   
Guaranteed Maximum Price and Contingencies 
The end result of the cost modeling exercise under design-assist is the delivery of a GMP.  
Some contracts (ConsensusDocs 300) use Project Target Cost Estimate (PTCE).  There 
are also different methods of utilization of contingencies, savings, distributions of cost 
overruns that can be changed or adjusted to reach equilibrium of cost versus risk for each 
party and for the project.   
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The GMP will contain all the itemized costs of the project; the general conditions costs 
and profit plus defined contingencies.  Under the GMP process, payment is made for 
actual costs, plus general conditions, plus profit for the period.  Mr. Forrester of Antioch 
USD and Mr. Wasserman of CPM, use competitive bidding for the subcontractors, 
combined with an “open-book” system for the builder as back up for the GMP. 
Any increase in project scope is taken from the district’s portion of the contingency.  The 
contingency use depends on the change.  The size of the change and how it arose are the 
topics in the GMP close out process and contingency use agreements.  One can see how 
the cooperative process in negotiation can be useful in the project operations.  
Cooperative techniques often include sharing of a contingency balance, which can be 
substantial, at the end of the project.   Further, the cooperative nature of cost modeling, 
leading directly to a contract price, greatly expands the owner’s knowledge of costs. In 
open-book policies, this knowledge encompasses all the mark-ups and profit to the 
builder.  Sharing information greatly increases the chances of finding equilibrium for any 
cost issues because of the positive effects of expanded communication in a cooperation 
game as we have learned from Game Theory.   
Green Building and Commissioning 
These processes require new relationships between parties.  The parties are tied together 
by building performance requirements extending a year or more after the substantial 
completion of the building.  This is an area for further research as these significant 
process develop a history of integration into the industry.   There is a ConsensusDocs 
addendum (CD 310) that can be used to capture these new tools.  
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Dispute Resolution  
Modernization and new constructions of school facilities pose different levels of risks but 
no project is risk-free.  One of the major sources of risk is the transactional cost of 
resolving a contended issue.  There are cooperative methods of dispute resolution and 
methods of scaling them to fit the size and apparent risk picture for any project.   
The new standard dispute resolution process begins when the parties to the project cannot 
settle an issue on site.  It goes to mediation but if no agreement is reached, it goes to an 
arbitration of court action.  Starting ten years ago, a new first step has developed called 
mitigation.  Mitigation consists of requesting a hearing before a Dispute Review Board 
(DRB.)  DRBs are the cooperative solution to dispute resolution.  They are cooperative 
because preplanning and reduced cost of hearings lowers the transactional cost of 
obtaining an independent review.  The report of the DRB is not binding, but it is 
“discoverable.”  As Kurt Dettman, a DRB trainer, pointed out, the reports are extremely 
influential in subsequent proceedings.14  The independent review is a good example of 
increased information about the interaction that generates a faster path to equilibrium.  
There are just three steps to operating a DRB: 
1. Select the DRB at the outset of the project.  The board consists of one 
representative each from the designer, the builder and the owner.  These senior 
professionals read the weekly meeting minutes and all change or issue related 
correspondence. 
2. Convene a hearing, if needed, with the project professionals presenting their 
material. The board produces an opinion that is non-binding and discoverable in 
court if necessary.   
3. The parties meet to conclude the issue with a change order or other arrangement 
suggested by the independent opinion of the matter.   
 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  14	  Dettman,	  K.	  	  Dispute	  Review	  Board	  Training	  Session,	  May	  2013,	  Georgia	  Tech,	  Atlanta	  GA.	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The Dispute Review Board Foundation was formed in the early 1970s with the purpose 
of recording the results of projects with DRBs.  Their records indicate that, of the 2200 
DRBs convened from 1995 to 2010 in North America, less than 2% went on to an 
additional arbitration or litigation.15  The costs of operating a DRB ranges from 0.05% to 
0.25% of construction cost, depending on the number of issues presented to the board.  It 
is recommended that the parties share the costs of DRB equally.16  ConsensusDocs 300, a 
current form contract, includes DRBs in their Article 23, Dispute Resolution.   
The Exception that Proves the Rule 
As a result of literature review regarding Game Theory, that greater information sharing 
is the main mechanism for cooperative construction.  Starting with BIM, and including 
all the techniques, through DRBs, it is increased information transfer that makes the best 
project with the least contention.  San Francisco Unified School District (SFUSD) 
provides an excellent example of the effect of expanded communications upon a change 
in productivity.   In an interview with Wazi Choudhry, Director of Project Management 
for the district, he described a very successful modernization program for San Francisco 
Schools.  In a program comprised of 115 school modernizations, all were competitively 
bid.  The result was 100% on-time delivery and only 2 resultant cost claims.  And all 
projects were competitively bid with low-bid selection.   Upon further inquiry, SFUSD’s 
process contains a clear reason for this extraordinary success.   
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  15	  Dispute	  Review	  Board	  Foundation,	  Practices	  and	  Procedures,	  Jan	  2007	  DRBF,	  Self-­‐Published.	  Section	  1,	  Chapter	  4,	  Costs.	  Print.	  16	  Dispute	  Review	  Board	  Foundation,	  “Practices	  and	  Procedures”,	  Jan	  2007.	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SFUSD spends an entire calendar year studying, testing, analyzing and digitizing every 
project before bidding.  The District creates priorities, sequences activities, creates 
milestones, and describes in detail every aspect of the project in advance.  Mr. Chowdhry 
described the information produced on each building as filling a full-size binder three and 
one half inches thick and containing every possible description, test, and photography of 
existing condition.  This accompanies a set of electronic drawings of the required finished 
conditions.  The District includes a master schedule of how the modernization will be 
phased.   
This substantial flood of information changes the bidding process into a cooperative one.  
The SFUSD modernization program was extremely cooperative, given the amount of 
information about existing conditions and the detailed planning of the project to be bid.  
In most cases, a bidder has a set of plans and site visit “walk-through” to learn the 
existing conditions.  This usual level of information exchange is commonly inadequate in 
creating a comprehensive understanding of a modernization project hence contracts must 
include considerable contingencies for risks.  
There are visible risks, observed in a walk thorough, such as blocked access, difficult 
workspace or inadequacy of utilities or lay-down yard.  “Reasonably Unforeseen” risks 
include quality of plumbing, wiring, structure and deterioration.  These two different 
risks carry different payment responsibilities, so they often become contentious.  
Unforeseen risks are substantially reduced by detailed Assessment Phase Reports such as 
provided by SFUSD.   
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The SFUSD has resources far greater than most of the school districts in the state.  They 
hired consultants for the detailed analysis of existing conditions and skillfully assembled 
the information necessary to define the project in a way that produced very accurate bids.  
The challenge for most school districts will be to invest the correct amount of planning 
into modernization projects, regardless of the project delivery system.  The potential cost 
of settling claims over reasonably unforeseen conditions is arguably less than the cost of 
the development of the detailed studies.   
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CHAPTER V 
 
Right Attitude 
 
Cooperative Construction is a combination of processes and approach.  The processes are 
listed in previous chapters along with a description about how and why to apply them.  In 
addition, the right process needs the right approach.  Two construction processes embody 
the right approach toward cooperative construction and both have been in place for many 
years.  They are Lean Construction and Partnering.  Both of these systems contain the 
right attitude (especially for the increased flow of information needed) to create a 
cooperative construction project.  According to the research, when the right processes, 
the right attitudes, and the right contracts are in place, the benefits of cooperation will be 
attainable.   These are the two of the systems to develop the right attitudes.  
Lean Construction 
Lean Design and Construction is a production management-based approach to project 
delivery.1  Developed in 1997 by Glenn Ballard and Greg Howell, Lean brings the right 
attitude to the construction industry.  Glen Ballard, in an interview from 2012 discusses 
bringing the value to the customer with ever-decreasing waste.  Mr. Ballard reports that 
the philosophy of Lean Construction is dedicated to developing the people in the 
organization to their best selves. Also citing “continuous improvement” in workflow and 
project design, Lean Construction is the envelope containing the right attitude necessary 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  http://www.leanconstruction.org/about-­‐us/what-­‐is-­‐lean-­‐construction/	  This	  is	  a	  summary	  review	  by	  Glenn	  Ballard	  of	  Lean	  Construction.	  	  Mr.	  Ballard	  is	  the	  Co-­‐founder	  and	  Research	  Director	  of	  Lean	  Construction	  Institute.	  	  The	  4	  minute	  video	  is	  a	  good	  introduction	  to	  Lean,	  particularly	  the	  right	  attitude	  toward	  construction,	  developed	  by	  the	  practice.	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for change in the construction industry.  Co-incidentally, Mr. Ballard reports 15% to 20% 
well-documented savings compared to traditional construction.   
It is not enough to have tools, some methods, software and all that stuff, that’s all-
important and critical, but it’s not sufficient. The fundamental change that is 
needed is a change in behavior.  The change in behavior is in the way we 
supervise people… especially the way we behave when something goes wrong. Is 
it seen as an opportunity to learn or is that seen as a search for a victim?2 
 
The “Last Planner System” (LPS) was developed by Howell and Ballard.  It is a set of 
processes that recognizes importance of individual workers and their foremen on the 
project.  The central concept is that the best planning is done at the lowest level of 
hierarchy.  Under LPS, it is recognized that the craftsmen and their foremen know best 
what they can perform, and in what time frame.  The management of a project is then 
focused on this knowledge, and a culture of accuracy is built around it.  The worker is 
further empowered to stop production when any defect is found.3  Tight sequential 
scheduling, avoidance of overproduction and eliminating waste of resources are the 
foundations of Lean Construction and the basis of a culture with the best chance of 
improving the construction industry today.  Both of the issues referenced by the 
Construction Users Roundtable report of 2008, inefficiency and contentiousness, are well 
addressed by Lean Construction.   
Lean Construction thrives on cooperative techniques, the culture built around the respect 
for the worker in the “Last Planner System,” and a basic project-wide effort at continuous 
improvement.  Lean Construction is a culture.  Recognition of the success of Lean 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  2	  Glenn	  Ballard,	  Lean	  Construction	  introductory	  video,	  op	  cit,	  at	  4:00	  minutes.	  	  	   	  3	  This	  “no	  defect”	  aspect	  of	  the	  culture	  surrounding	  Lean	  Construction	  originated	  with	  the	  development	  of	  the	  Toyota	  Way.	  	  Taiichi	  Ohno	  developed	  the	  principles	  that	  became	  the	  backbone	  of	  Lean	  Construction.	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Construction has spread broadly throughout the major construction companies 
interviewed for this paper.  The relationship between Lean Construction and the 
recognition of cooperation as an organizing principle for the construction industry is 
significant.  Every process in Lean has cooperative aspects.   When we define 
cooperation as rational parties constantly seeking the best result for the project, we see 
the close alignment with Lean Construction.   
Partnering 
Major founding documents about Partnering were published by The Army Corps of 
Engineers  in 19914 and the Construction Industry Institute (CII) at Texas A&M 
University  in 1993.5   The International Partnering Institute published a Special Report in 
June 2008 showing the results from over 20 years of Partnering.6  The Special Report 
reported significant cost savings of 10% and time savings of 20% based on research from 
CII, based on Partnering programs.   
With such a long history, Partnering presents its own record as a validation of 
cooperative construction techniques.   The standard partnering program consists of a 
weekend workshop, held off-site, after the bid award and before the Notice to Proceed.  
Participants include the owner, designer, builder and the major subcontractors.  
Independent consulting firms conduct the workshop.  Follow-up sessions are used 
occasionally.  The goal of the workshop is to allow the parties to meet in advance of the 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  4	  US	  Army	  Corps	  of	  Engineers,	  “Pamphlet	  #4,	  Partnering:	  A	  Tool	  for	  USACE.	  Engineering,	  Construction	  and	  Operations,”	  Dec	  1991.	  	  Rev.	  May	  2010.	  5	  Construction	  Industry	  Institute,	  “The	  Partnering	  Process,”	  RR102-­‐11.	  	  1993,	  Web.	  https://www.construction-­‐institute.org	  6	  International	  Partnering	  Institute,	  “Collaborative	  Construction,	  Lessons	  Learned	  for	  Creating	  a	  Culture	  of	  Partnership.”	  IPI,	  (2008)	  	  p	  14	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pressure that starts as soon as the Notice to Proceed is issued.  The workshops are 
intended to increase communication between parties, as well as specific goals, 
introducing Total Quality Management (TQM) techniques, Alternative Dispute 
Resolution (ADR) and, team-building exercises.   
Partnering can be adjusted to fit different situations.  In October 2006, the San Diego City 
Schools and the Division of the State Architect produced a summary report outlining the 
progress made in a Strategic Partnering Program operated by Orgmentrics, of Livermore, 
CA.  This was a larger scale program than a standard partnering program.  It was a 
planning session for personnel from the entire School District and the State Architect to 
coordinate activities surrounding $1.5 Billion of construction needed in San Diego 
starting from Feb 2002.   Significantly, the program introduced of Design-Build to San 
Diego.  The Strategic Partnering program introduced the roles to the school facilities 
professionals in the region.  This program is important because its goal was to produce a 
cooperative relationship between the District staff and the Office of the State Architect.  
The point is that partnering sessions can have the right attitude for cooperation and can be 
adjusted to fit nearly any construction scenario. 
Nowhere does Partnering have a longer history than the California Department of 
Transportation (CalTrans.)   The partnering program at CalTrans has its own bi-monthly 
newsletter, awards program and even a logo, stating, “Partnering, Our Way of Doing 
Business.”  For example, the 2012 awards program, covering 24 projects across the state, 
showed about a half of one percent savings, attributable to Partnering.7   This savings 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  7	  	  “2012	  Award-­‐Winning	  Results”	  June	  2102,	  California	  Department	  of	  Transportation,	  Web.	  http://www.dot.ca.gov/hq/construc/partnering.html	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amounted to $56 million, quite a handsome sum although a small sliver of CalTrans’ 
budget for the year.   Also impressive was a savings of 10% of the construction period 
duration of the 24 projects in the awards program.  
The cooperative nature of Partnering, particularly its personal aspects, is well represented 
in a journal article in 2011.  That year, Aaron Anvuur and Mohan Kumaraswamy 
published “Measurement and Antecedents of Cooperation in Construction”  in the 
Journal of Construction Engineering and Management.8  The study followed 140 
professionals in construction in projects in Hong Kong.  Rules compliance, altruism, and 
helping others with work-related problems were surveyed as well as job satisfaction and 
perceived legitimacy of rules.   Incentives and sanctions were not effective in promoting 
cooperative behavior.   As it turned out, it was improved job satisfaction and increased 
perception of legitimacy of rules that were effective in improving cooperation.  The 
variables of job satisfaction and perception of legitimacy are both positively effected by 
Partnering.   
Partnering and Lean are Non-Contractual  
Neither Lean Construction nor Partnering produce contractual requirements.   Attendance 
at partnering programs is required in CalTrans contracts, but no changes to the contract 
result from the process.  The popular ConsensusDocs 300 form contract (see Chapter VI) 
only mentions Lean Construction once in paragraph 3.2 and even then it is only a 
reference, not a requirement.  Partnering is not mentioned at all in ConsensusDocs 300, 
however, Article 3, paragraphs 3.1 through 3.4 , “Collaborative Principles,” lists 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  8	  Anvuur,	  A	  and	  Kumaraswamy,	  M.	  “Measrurement	  and	  Antecedents	  of	  Cooperation	  in	  Construction,”	  Journal	  of	  Construction	  Engineering	  and	  Management,	  138	  (2011)	  797-­‐810.	  	  Print.	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cooperative and collaborative behavior in elaborate detail.  See the following Chapter 
“Contracts and Risks.” 
In an interview with Neal Flesner of Ventura Consulting, a partnering facilitator, I asked 
if he felt that Partnering was diminished by not being a contractual obligation.  He said 
that he highly valued that the cooperative behavioral lessons of Partnering was not 
contractual requirements  He feels it’s crucial that Partnering (and all cooperative 
behavior) be driven by, rather than merely required of, the professionals in the 
construction industry.  The success of cooperative construction techniques is connected to 
the right attitude as well as the right contractual language.    
The way cooperation stands now, it can be required in modern contracts and also the right 
attitude developed experientially in Partnering or the fostered in the culture of Lean 
Construction techniques.  The right contracts work together with the right attitudes.  
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CHAPTER VI 
 
Contracts And Risks 
 
The right contract is the bridge to cooperative construction.   What is in a form contract 
that makes it useful for cooperative construction?   
There are two excellent organizations producing form contracts today, The American 
Institute of Architects (AIA)  and ConsensusDocs.  The main contract elements that are 
integrated are:  
1. Design-Assist  The skills of the builders of the project are integrated into the 
design phase. 
2. Design Liability Because of many parties contributing to the design phase, the 
design liability is divided into proportional shares.   
3. Contingencies   Since the delivery of a GMP or a Target Value can occur prior to 
the completion of the drawings, appropriate contingencies must be added to the 
project budget.  There are contingencies for the owner, designer and builder.   
4. Incentive Compensation  The builder’s project profit and a portion of the owner’s 
contingency can be distributed to the builder if arranged.  For example early 
completion or savings of  owner’s contingency can have incentives associated.   
In some “single entity” projects, all savings in contingencies are distributed to all 
parties under prearranged rules.   
5. Cost Risk  Using Guaranteed Maximum Price, the builder is exposed to excess 
costs.  Under Target Value, the cost in excess of contingencies might be split 
between parties on an agreed proportion.     
This is a review of ConsensusDocs 300.   The AIA family of cooperative agreements, 
while differently arranged, are also worthwhile tools in the development of cooperative 
construction.  Comparison of the differing contracts is beyond the scope of this thesis.   
ConsensusDocs 300 
The ConsensusDocs 3001 (CD300) has specific paragraphs that create the mechanism to 
operate the cooperative project.  This is a multi-party agreement.  For purposes of an 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  Quoted	  portions	  of	  the	  agreement	  are	  attached	  in	  Appendix	  G	  and	  cited	  by	  article	  and	  paragraph	  number.	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analysis of the cooperative elements in CD300, it is not necessary for the contract to be a 
three-party agreement.  The cooperative elements could be placed in two separate 
agreements to fit the L-LB system sequence and still be a productive contract in terms of 
providing the benefits of cooperation.  The builder is called the constructor in CD300.  
Let us review the many cooperative elements of this contract just as it applies to the 
design phase:   
• Article 3, Collaborative Principles   Paragraphs 3.1 through 3.4 list behaviors, 
activities and forms the Collaborative Project Delivery Team (CPD.) This is an 
operational team and is overseen by the Management Group.    
• Paragraph 3.6, Designer Responsibilities  “…the designer shall draw upon the 
assistance of the Constructor…”  But retains “…overall responsibility for all 
design decisions as required by applicable state laws.”   
• Paragraph 3.7. Constructor’s Responsibilities  “…the constructor shall assist in 
the development of the project design but shall not provide professional services 
which constitute the practice of architecture or engineering unless the Constructor 
needs to provide such services in order to carry out its responsibilities for 
construction means, methods, techniques sequences and procedures…” 
• Paragraph 3.8, Collaborative Risk Allocation  This section gives the parties the 
choice to avoid suing each other or limit liability.  The next paragraph 3.8.3 
waives all consequential damages among the owner, designer and builder.   
• Paragraph 3.9, Reliable Commitments This paragraph adds emphasis to the 
normal process of making representations in, for example, a weekly meeting.  The 
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paragraph has no penalty provision, but is an affirmative statement of positive 
intentions and adds influence to the verbal representations.   
• Paragraph 3.10, Quality Plan  This paragraph assigns specific duties to the 
parties and includes language like “continuous improvement” from Lean 
Construction techniques.  The article requires coordination among the parties. 
• Article 4.1, Management by the Management Group  Names the group members, 
one each from Owner, Designer and Builder.  Article 4.6 Decision Making tasks 
the Management Group to find consensus where ever possible Further, paragraph 
4.6 reports that “the Management Group shall act in the best interests of the 
Project as a whole without consideration to each member’s own interest…”  Each 
of the participants in the Management Group will need considerable leadership 
skills to find a consensus agreement that falls inside the parameters of Article 4.6.  
Failing consensus, the Owner shall operate under Article 23, Dispute Resolution.  
• Article 4.9, Principles of Communications “The Parties acknowledge that a truly 
collaborative relationship requires consistently open, honest and clear verbal and 
written communications…”  While this language might be considered by some to 
be overly expressive, the subsequent paragraphs provide good quality parameters 
for communications, especially given the velocity and size of the flow of data on 
and off the desks of these professionals.   
• Paragraph 5.2.4, Management Group “The Management Group shall jointly 
manage the budget…”  The budget is not refined at the beginning of the project.  
It is the Management Group, not the builder that manages the budget.   
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• Paragraph 5.3, Access to Preconstruction Information  The CPD team shall 
review the design “for errors or incomplete information that would prompt the 
Constructor to include additional contingency… “  “The CPD team shall also 
suggest options for additional preconstruction investigation of existing conditions 
for Management Group consideration, including the cost and potential benefit of 
differing levels of potential preconstruction investigation.”  This section would be 
particularly beneficial in modernization of an older school.  The builder or a 
subcontractor can ask the CPD to test materials in existing conditions.  This 
would avoid a project interruption in the event that some materials might require 
special demolition procedures. 
• Article 6, Development of Design and Collaborative Preconstruction Services  
Paragraph 6.1 “Collaborative Design Principles  In order to achieve the Project 
objectives, the design must occur in a collaborative manner, informed by a free-
flow of accurate information concerning the process, quality, cost and schedule.  
While retaining overall responsibility for the Project design, the Designer must 
work collaboratively with the other members of the CPD team, drawing on their 
respective expertise in order to achieve the project objectives.”   This is a high 
standard of duty for the Designer.  It seems that a facilitated meeting, such as a 
partnering session, would be commonly needed to get this process under way.  
The leadership skills of the CPD team members would likely be tested if they 
were new to this process.   
• Paragraph 6.2, Scope “A description of the scope of services to be provided by 
Designer and Designer’s consultants and the documents to be developed during 
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each phase of progression of the design is set forth in Exhibit C. The Management 
group shall oversee development of the design documents for the Project and 
develop milestone schedules for the preconstruction phase.“ 
This is a much tougher standard for scheduling design production, but it might be 
a useful tool for managing this difficult phase. 
• Paragraph 6.5, Pull Based Design “The designer shall use ‘pull based’ planning 
principles to develop the Design Documents. Pull based design advanced the 
design only so far as has been anticipated and approved for any given time period 
by the Management Group, with the designer only performing services that are 
shown on the applicable Project plan…”  The designer is responsible for any costs 
or rework caused by proceeding beyond what the Management Group has 
approved.  This makes the designer’s job more challenging because incremental 
design is more time consuming than just a go-ahead.  However, the benefit for the 
project is that each step is well-reviewed and presumably more complete.   
• Paragraph 6.6, Notifications “Consistent with the collaborative approach set forth 
in this Agreement, should the constructor, Trade Contractors or Subcontractors in 
the course of performance of obligations discover any errors, omissions or 
inconsistencies in the design documents… they shall promptly notify the 
Management Group…”  This is a powerful mandate because it authorizes all the 
parties to continuously review the design.  This is like having a constructability 
review underway all the time.  Considering Paragraph 6.9 states, “The parties may 
establish a BIM approach to design and construction of the Project, providing 
continuous and immediate availability of reliable integrated and coordinated 
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design, scope schedule and cost information. “  There is an addendum for BIM 
use that has 9 pages of details for responsibility and ownership of the design.  
This document, ConsensusDocs 301, is informative but the cooperative language 
is in the CD300.   
• Paragraph 6.13, Target Value Design “The Constructor shall provide Target 
Value Design support during the development of tie Project design and more fully 
discussed in Article 8. “ Following up is Paragraph 6.14, Value Identification and 
Creation, creating an ongoing value engineering program for the design period.  
Paragraph 6.15 calls for an ongoing constructability review of the design.  These 
services add significantly to the accuracy of any design.   
• Article 7, Project Planning and Schedule  Paragraph 7.2.1, Pull Planning.  This 
paragraph is the heart of the approach imported from the Toyota Way.  This 
article sets up “just in time” delivery and the required ties between subcontractors 
necessary for Pull Planning.  This paragraph is perhaps the most precise 
implementation of a cooperative technique.  It requires all parties to informs the 
other parties of completion of an activity thereby signalling the need (the Pull) for 
performance of the next activity. 
• Article 8, Construction Budget and Cost Modeling   Paragraph 8.3 requires the 
development of the Cost Model and Project Target Cost Estimate, discussed in 
Chapter IV, Tools.  Paragraph 8.3 also contains requirements and definitions of 
project contingencies.   
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• Article 10, Constructor’s Compensation Article 11, Incentives and Risk Sharing 
Articles 11.4, .5 and .6  provide fill-in blanks to insert the amount of risk to be 
borne by each party.   
• Article 23, Dispute Resolution  Paragraph 23.2 Requires direct discussions 
leading up to a referral to the Management Group, often referred to as “step 
negotiations.” Specific timetables are required of each step. 
• Paragraph 23.3  Mitigation  This paragraph gives the parties a choice whether to 
appoint a Project Neutral or a Dispute Review Board prior to a binding dispute 
resolution process.  
These provisions appear in Appendix G.   
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CHAPTER VII 
 
Conclusion 
 
In California public schools, there are 1000 owner entities.  It will be challenging for this 
diverse owner group to achieve cooperative construction on a large scale.  Years of effort 
will be needed to have most (or even many) school districts adopt cooperative processes.   
It is the job of the construction industry itself to become cooperative for its own benefit 
and the benefit of the schools. 
Dr. Teicholtz’s graph (see page 4) shows that the weak labor productivity in construction 
from 1964 until present is stunning in size.  Some of the weak productivity in the 
construction industry won’t ever be removed, but the goal is to eliminate waste as soon as 
possible, as emphasized by Lean Construction. 
In Game Theory, Robert Axelrod found the motivation for cooperation in 1984.  He 
called this: “Enlarge the Shadow of the Future.”  Cooperation “can be stable if the future 
is sufficiently important relative to the present.”1   
Players were more cooperative and successful when they had a reputation of reciprocity 
and reasonably expect to play again.  They also were more cooperative when it was 
suggested that cooperative choices might work well for them in the long run.   The 
construction industry must keep its eye on the horizon; the future needs to be as 
important as the present.  The future will contain a construction industry where interests 
of the individual are considered simultaneously with interests of the project.   
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APPENDIX A 
 
Timeline of School Milestones in Funding and Regulation 
1 1879 CA constitution amended to allow local bonds. 
2 1927 Uniform Building Code created 
3 1933 Field Act after Long Beach earthquake 
4 1947 State Allocation Board created (SAB) 
5 1949 First statewide bond for school facilities 
6 1950 Student enrollment doubled by 1960  
7 1957 Lease Leaseback legislation passed.  
8 1970 Student enrollment declined until 1982 
9 1976 Leroy Greene Lease-Purchase Program 
10 1976 Rejection of $200 Million bond issue 
11 1978 Proposition 13 passed, limiting local funds 
12 1979 SAB forgave old loan program balances. 
13 1982 Steady student enrollment increase 
14 1986 SAB had $2.3 billion backlog 
15 1986 State initiative allowing local bonds with 2/3 vote 
16 1986 7 small statewide bond issues pass through 1992 
17 1992 “No Room for Johnny” Little Hoover Commission Report 
18 1994 Rejection of statewide bond issue, $200 million. 
19 1998 Leroy Greene School Facilities Act  
20 1998 First of 4 major statewide bond issues through 2006 passed.  
21 2000 Passage of 55% approval of local bond issues. 
22 2001 California invests more than US avg. through 2004 
23 2012 SAB has $100 million backlog in modernization 
24 2013 All funding exhausted. 
25 2013 87,000 enrollment increase in next decade in 36 counties 
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APPENDIX B 
 
Cooperative Processes 
 
The leading cooperative processes are:   
1. Building Information Modeling. (BIM) It is an expansion of computer-aided 
design where the actual drawings include the specifications of the products 
shown.   
2. Design-Build (D-B) project delivery systems.  The designer and builder are on 
the same team proposing to deliver the completed project to the owner.  In 
school construction, the lease leaseback program has been the financial 
structure most used for Design-Build projects recently.   
3. Integrated Project Delivery (IPD) project delivery systems.  The owner, 
designer and builder team up further in sharing risk and rewards.   
4. Lease-leaseback development systems in CA Schools.  Lease arrangements 
that allow any project delivery system to be utilized in school facilities 
construction in California.   
5. Best Value procurement systems.  Receive proposals combining cost and 
qualifications from parties instead of competitive bidding where the 
acceptance of the low bid is required.   Owners rank proposals by desirable 
qualities, experience, individuals and presentation.  Although this is a 
competitive system, it has the cooperative element of increased information at 
the time of agreement. In Game Theory, increased knowledge in a game 
accelerates the discovery of Nash’s Equilibrium.  This process is actually a 
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cooperative process due to the better-informed Owner participant at the point 
of agreement. 
6. Prequalification of Bidders. While not cooperative, per se, a new 
prequalification process greatly expands the information about a bidder by 
requiring financial, legal and professional reporting from them in advance of 
bidding.  This became part of the required processes under the Education 
Code as of the beginning of 2014. Most districts have developed new 
prequalification programs with carefully managed forms, presentations and 
renewal cycles.  This is an substantial improvement upon low-bid 
requirements.   
7. Lean Construction.  The elimination of waste in construction.  Sometimes 
estimated at 40% of the cost of construction, waste of both materials and time 
are reduced everywhere it can be found.  A culture based on recognition of 
workers knowledge called “Last Planner System” engages that knowledge in 
managing the project.  Broadly accepted. Lean Construction is growing 
quickly.   
8. Teaming Agreements are contractual obligations between partners in D-B and 
other cooperative professional relationships.  
9. Partnering.  Partnering is a non-contractual form of team building.  While not 
proven to statistically produce project savings, many participants expressed 
operational improvements.  The California Department of Transportation 
(CalTrans) Has performed Partnering sessions on hundreds of projects for 
over 10 years.   
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10. Cost Modeling.  New techniques in cost analysis bring out cost information at 
very early stages and track cost as the design is developed.  Large efficiencies 
in design and eventual construction can be built on cost modeling software 
coordination with BIM software in the near future. 
11. Constructability.  The builder is included in the design process and 
constructability is reviewed as the project is being designed, not after it is 
completed.  The scope of the constructability review can be expanded to 
include review of process and ease of assembly.   
12. Value Engineering. (VE) This means producing the same scope at a lower 
cost.  It does not mean producing less product or lesser quality product.     
13. Green Building. The large consumption of resources and 40% waste will be 
one of the largest drivers to force the construction industry to improve.  
Commissioning causes design and building to work together.  
14. Information and Communication Technology. (ICT)   Starting with BIM, ICT 
is transforming the construction process rapidly currently.  Mobile 
applications, widespread instantaneous communications as well as co-location 
strategies for increased communications are expanding rapidly.  
15. New Contracts. AIA and ConscensusDocs. 300 New Contract forms allow 
owners to guide a project into cooperative methods. 
16. Project-wide Insurance and Risk Management.  Often called Owner-
Controlled Insurance Programs, (OCIP) all parties are required to sign up for a 
project wide risk management system.  It is a process of financing risk across 
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many clients on the project and reducing the premiums for all because of the 
multiple investors.  
17. Dispute Resolution. Dispute Resolution Boards (DRB) and on-site dispute 
review processes are transforming risk of the transactional costs of dispute 
resolution.   In DRB’s, the parties agree to have disputes reviewed by an 
independent panel of experts who have been staying abreast of the project 
from the outset.  On-site dispute resolution structures, included in contractual 
agreements are available in IPD delivery systems.  
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APPENDIX C 
 
Education Code 17406. 
 
 
 
 
The attached section of the California Education Code is the authorization for Lease-
Leaseback projects.  
 
 
17406.  (a) Notwithstanding Section 17417, the governing board of a school district, 
without advertising for bids, may let, for a minimum rental of one dollar ($1) a year, to 
any person, firm, or corporation any real property that belongs to the district if the 
instrument by which such property is let requires the lessee therein to construct on the 
demised premises, or provide for the construction thereon of, a building or buildings for 
the use of the school district during the term thereof, and provides that title to that 
building shall vest in the school district at the expiration of that term. The instrument may 
provide for the means or methods by which that title shall vest in the school district prior 
to the expiration of that term, and shall contain such other terms and conditions as the 
governing board may deem to be in the best interest of the school district.     
(b) Any rental of property that complies with subdivision (a) shall be deemed to have 
thereby required the payment of adequate consideration for purposes of Section 6 of 
Article XVI of the California Constitution. 
 
APPENDIX  D
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Basic Summary Cost Data for Future School Facilities 
1,000 School districts
10,000 Schools
6,200,000 Students
300,000 Classrooms
100,000,000,000 Needed over 10 years
50,000,000,000 Modernization 50% of work
5,000,000,000 Ea Year for next ten
16,667 Mdnrnztion/yr/class
806 Per student for Modernization costs
30 Students per classroom
APPENDIX E
Interviews
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Contact Name Company Work Email Work Phone
Chowdhry, Wazi San Francisco Unified School District. ChowdhuryW@sfusd.edu
415 241-6152 
X 1529
Coop, Leigh Vacaville USD leighc@vacavilleusd.org 707 453 6138 x3139
Cowan, Dick Cowan Construction Services dcowan@cowancs.com 916 217 4386
Diede, Brett Diede Construction estimating@diedeconstruction.com 209 369 8255
Doerfler, James Philadelphia University doerflerj@PhilaU.edu 215.951.2700
Dong, Kevin CalPoly Arch Dept kdong@calpoly.edu 805 756 6465
Flesner, Neal Ventura Consulting neal@venturaconsulting.com 805 650 8040
Forrester , Jim Antioch USD  timforrester@antioch.k12.ca.us
 925 779 7500 
ext. 52000
Fourie, Ferdi Kiewit Corporation ferdi.fourie@kiewit.com 402 271 2832
Hartung, Bob Alternative Delivery Solutions, LLC adsllc@cox.net 949 300 0686
Hopkins, Arlene Los Angeles Unified School District arlene.hopkins@lausd.net 310 392 5910
Lawson, Andrew Severson Werson jal@severson.com 415 677 5539
Leslie, Bruce Martinez USD bleslie@martinez.k12.ca.us 925-335-5927
Lichtig, Will Boldt Construction wlichtig@boldt.com 916 583 5617
McFarland, Stephen Oxnard Union HSD stephen.mcfarland@ouhsd.k12.ca.us 805-385-2518
Muraco, Mike Siemens cerritos office 714 816 1472
Nichols, John HMC Architects John.Nichols@hmcarchitects.com 909 418 4376
Overaa, Carl Overaa Construction carl@overaa.com 510 234 0926
Salmon, James Collab. Constr. Resources, LLC
james.salmon@collaborativ
ecr.com 512 879 5050
Savidge, Bill Dept of General Services, OPSC Bill.Savidge@dgs.ca.gov 916 375-4043
Scott, Kim Blach Construction kim.scott@blach.com 408 869 8357
Starzyk, Greg CalPoly CM Dept gstarzyk@calpoly.edu 805 756 2110
Van Gundy, Kim Fairfield-Suisun USD Kim VanGundy <kimva@fsusd.org> 707 399-5148
Vincent, Jeff University of California Berleley jvincent@berkeley.edu 510-642-1628
Wasserman, Mike Capital Program Management mike@capitalpm.com 916 553 4400
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APPENDIX F 
 
 Coordination Games, Prisoner’s Dilemma and Reputation1 
 
Coordination Games and Non-coordination Games 
Game theory proves for us that cooperation is a successful tactic in the construction 
industry in two important and specific ways:  
 
Since a construction project is mostly classified as a “coordination game.” (one 
where standards apply, such as building codes) The most successful strategy is a 
coordinated one, such as uniform adherence to building codes. Communication 
can help produce a cooperative, coordinated interaction.  This is an avenue for 
leadership.  The payoff is greater when strategies are coordinated. 
 
Many games are not coordination games; there is no overriding set of standards 
applicable to the situation at hand.  There is only the outcome dictated by the 
“rules”, or in Game Theory language, “payoffs.”  Games that are not coordination 
games, have no immediate avenue for communication.  Here, when the parties 
have a history, and time is of the essence, reputation becomes the operating 
dynamic for the decision makers.  
 
To be precise, a coordination game is defined by having a payoff always greater when 
matching the other player’s strategy.  The best example of a coordination game is 
choosing which side of the road to drive on.  Obviously, “coordinated” strategies are 
always the best strategies when the conditions of the interaction dictate rigid 
coordination.  In truth, construction interactions are mostly coordination games.  Some of 
the decisions presented to professionals on a construction site arrive absent of 
background information.  At that point, it is reputation of the party presenting the 
decision that is the prevailing influence on a decision.   
 
One goal of elaborate detail and cooperative engagement in the design phase of a project 
is to avoid non-coordinated games altogether.  As the professionals on site become more 
and more knowledgeable about the setting of a decision, the more like a coordination 
game the interaction becomes.  
 
Even if the interaction wasn’t contemplated during design and cannot be analyzed under 
the extraordinary press of time in construction projects, it is the reputation of the parties 
forms the operative path for decision making.   
 
Prisoner’s Dilemma 
Prisoner’s Dilemma is not a coordination game. The players have agreed to rules, so it is 
a “cooperative” game, but there is no communication, only rules.  When repeated in 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  Based	  on:	  The	  Evolution	  of	  Cooperation	  Robert	  Axelrod,	  Basic	  Books,	  New	  York,	  1984	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experimental settings, the operative path for decision-making has been shown by Axelrod 
(1984) to be the reputation of the other player. 
 
The basic set-up is this: Two robbers agree to rob a bank and, if caught, not to testify 
against each other.  So the cooperative choice is to refuse to testify, and the defection is 
to testify against the partner.  They are eventually caught and questioned separately.  The 
police have very poor evidence against them, so the robbers are offered large incentives 
of reduced penalties for testifying against the other robber.  The robbers are not, of 
course, allowed to communicate; hence this is not a coordination game.   
 
In Prisoner’s Dilemma, the payoffs are set by the police, who want the robbers to defect 
and testify.  The police therefore set the payoffs to be much better for defection. 
 
The robbers get off if both cooperate with their original agreement and refuse to rat out 
their partner, or small sentences if both defect, but five times the sentence for holding out 
when the other robber defects and testifies.  The payoffs (in this case, sentences) are not 
coordinated.  Payoffs are different if the robbers both cooperate or if they both defect.   
 
The discovery of Nash’s Equilibrium in this game occurs when the “robbers” play the 
game over and over, called Iterated Prisoner’s Dilemma.  In this unrealistic setting,  a 
pattern or “reputation” can be learned by each robber about the other.  In construction, 
this is not so unrealistic.  Professionals must interact hundreds of times on any one 
project.   
 
The strategy analysis in the Iterated Prisoner’s Dilemma contains a key observation that 
can be transferred from Game Theory to actual markets and negotiations.   The most 
successful strategy in the long run is called Tit for Tat.  Under this “reciprocity” strategy, 
there are rules:  
1. Never be the first to defect.  
2. If the other player defects in any one round, you defect in the next round.   
3. Return to Rule #1.  
 
Reputation is developed quickly and it is the dominant influence in non-cooperation 
games in the construction industry as well as the proven successful strategy in 
experimental settings of Iterated Prisoner’s Dilemma.  
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APPENDIX H 
 
 Bond Project   
 Martinez Unified School District 
 
Mr. Bruce Leslie, a part time consultant, hired by Martinez Unified (MUSD) to oversee 
the $45 million bond issue from 2010 wrote on March 19, 2014 with a detailed 
description of the projects in their Phase 1 of modernizations under the 2010 bond issue.   
 
The schools who have passed bonds, carefully watch all expenditures under the bond 
issues.  For example, the Official in charge of the District’s facilities, Andi Stubbs, asked 
Mr. Leslie to reply to my inquiries, on the condition that the reply wouldn’t generate any 
additional billing to the District.  Mr. Leslie replied with an informative letter, copied 
below.   	  
Good afternoon John. 
  
My name is Bruce Leslie and I am the Bond Project Coordinator for the Martinez 
Unified School District. I have not been able to respond to your phone message 
or other email request for information due to my limited work schedule. I am a 
50%  employee and as such only working one day per week currently. I was 
hired last May 1, 2013 , to fill the open position of Bond Project Coordinator at 
that time.  
  
My supervisor is Andi Stubbs, CBO for the Martinez Unified School District. She 
is also the Facility Director for the district. Jon Novero , RGM and Associates, is 
our Construction Manager. Together , we are the main components of the Bond 
Team for the district. 
  
I listened to your message last evening before the School Board meeting and 
understand that you are a graduate student working on your thesis about 
School modernization with an emphasis on the funding mechanism for these 
projects. You asked about the Lease/Leaseback funding process in particular. 
  
To answer your immediate question, yes we are currently using the 
Lease/Leaseback funding process to complete our current projects. Measure K, a 
$45 million general obligation facilities bond approved by local Martinez voters, 
 was passed on November  2, 2010. There is a Citizen Oversight Committee as 
required by the Bond structure. 
  
The School Board determined that the projects would be done in Phases, after 
determining the most important needs first and following the Measure K bond 
language. Here is a list of the completed Phase 1 projects ( $25 million ) : 
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 Installation of energy management controls; Solar power generation through-out; 
IT upgrades; VOIP systems through -out the district; a parking lot/drop-off safety 
project/ kitchen remodel at Las Juntas Elementary; addition to the Alhambra High 
School ( AHS ) Performing Arts building; renovation/modernization of the AHS 
central plant; renovated softball field at AHS and a new Alternative High school 
campus. This last project, the Vicente Alternative High School/Briones School 
project, is the last of the Phase 1 projects. It is just getting started with a 
completion date of this Fall 2014. 
  
The School Board just approved the sale of the final $20 million bonds for the 
Phase 2 projects in November 2013. The Board is re-evaluating the current 
Phase 2 project list generated 3 years ago to make sure that it reflects the most 
current needs of our District. 
  
My knowledge of the L/LB method of funding projects is limited but I know that 
this method provides the District with the legally approved means to control costs 
while providing the District with the best usage of their limited funds. We have 
enjoyed great success using the L/LB method and plan on continuing to use it in 
the future as needed for our Phase 2 projects. 
 
 I hope that you find this information helpful. 
  
Respectfully, 
  
Bruce Leslie 
Bond Project Coordinator 
MUSD	  
